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V l l l
AN INVESTIGATION OF THE LOUDNESS CHANGES PRO DU CED  
IN A P U R E  TONE BY C O N T R A L A T ER A L TH ER M A L NOISE
INTRODUCTION
T h e r e  a r e  m a n y  p s y c h o p h y s ic a l  s tu d ie s  r e p o r t e d  in  the l i t e r a ­
tu r e  r e l a t e d  to  the  e f fe c ts  of c o n t r a l a t e r a l l y - a p p l i e d  s t im u l i  on the 
lo u d n e ss  of a  s t im u lu s  ap p l ie d  to  the  t e s t  e a r  {I, 2, 4 ,  5, 7, 8, 24, 27, 
28, 29, 35). M o st  of th e s e  s tu d ie s  h av e  b e e n  m o t iv a te d  by a  d e s i r e  to  
m e a s u r e  the  a t te n u a t io n  p ro v id e d  by the a c o u s t ic  r e f le x .  T h is  r e f le x  
i s  b i l a t e r a l ,  t h a t  i s ,  p r e s e n ta t io n  of a  r e f le x - e l ic i t in g  s t im u lu s  to  one 
e a r  p ro d u c e s  th e  r e f l e x  in  bo th  e a r s .  T h e r e f o r e ,  i t  w as  thought th a t  
m e a s u r e m e n t  of the  lo u d n e s s  re d u c t io n  o r  the  th r e s h o ld  in c r e a s e  p r o ­
d u ced  in  one e a r  by th e  p r e s e n ta t io n  of an in te n s e  s t im u lu s  to  the  op ­
p o s i te  e a r  w o u ld  p ro v id e  a  m e a s u r e  of the a t ten u a t io n  p ro v id e d  by the 
re f le x .  Som e s tu d ie s  (2, 4 ,  17, 28, 29) have show n th e  ex p e c te d  
lo u d n e ss  d e c r e a s e .  H o w e v e r ,  the  r e s u l t s  of s im i l a r  s tu d ie s  (7, 24, 27, 
35) show  lo u d n e s s  i n c r e a s e s  u n d e r  the  c o n t r a l a t e r a l  s t im u lu s  condition.
Som e of the  a p p a re n t ly  conflic ting  r e s u l t s  m a y  be ex p la in ed  
on the  b a s i s  of the  d i f f e r e n t  cond itions  and p r o c e d u r e s  u s e d  in  th e s e
1
s tu d ie s .  F o r  e x a m p le ,  in  a l l  of the  s tu d ie s  showing lo u d n e ss  d e c r e a s ­
e s  in  th e  p r e s e n c e  of c o n t r a l a t e r a l  n o is e  c o m p a ra t iv e ly  lo w - f re q u e n c y  
t e s t  to n e s  w e r e  u sed .  T h is  d e c r e a s e  is  p a r t  of the ev id en ce  w h ich  s u p ­
p o r t s  the  c o n c lu s io n  th a t  the  a c o u s t ic  r e f l e x  h a s  m a x im u m  e f fec t  on 
lo w - f r e q u e n c y  to n e s  and h a s  a  n eg l ig ib le  e f fe c t  on to n e s  of 1000 H z and 
h ig h e r  (19).
P r a t h e r  (24) and V ig ra n  (35) in c lu d ed  in  th e i r  e x p e r im e n t s  
co n d i t io n s  u n d e r  w hich  the  le v e l  of the  c o n t r a l a t e r a l  b r o a d  o r  n a r r o w ­
b an d  n o is e  w as  h e ld  c o n s ta n t  and f r e q u e n c ie s  bo th  above and be low  1000 
Hz w e r e  u s e d  a s  t e s t  s t im u l i .  R e s u l t s  show ed  lo u d n e ss  i n c r e a s e s  fo r  
the  h ig h e r - f r e q u e n c y  t e s t  to n e s  and  eq u a l  o r  d e c r e a s e d  lo u d n e ss  w hen 
lo w e r - f r e q u e n c y  t e s t  to n e s  w e re  u sed .
4. r e v ie w  of th o s e  s tu d ie s  u s in g  s p e e c h  o r  to n e s  of 1000 Hz and 
above a s  t e s t  s t im u l i  (7, 24, 27, 35) s u g g e s ts  th a t  the  r e la t io n s h ip  b e ­
tw e e n  th e  in te n s i ty  of th e  n o is e  and  the  in te n s i ty  of the  t e s t  s t im u lu s  is  
a  m a j o r  f a c to r  in  d e te rm in in g  the  e x te n t  of the  lo u d n e ss  i n c r e a s e  in  the  
t e s t  s t im u lu s .
E g a n  (7) o b ta in ed  a  m a x im u m  lo u d n e ss  in c r e a s e  of 6 dB at a 
s p e e c h  s e n s a t io n  le v e l  ( r e .  t h r e s h o ld  of d e te c ta b i l i ty )  of 45 dB and  a 
n o is e  s e n s a t io n  le v e l  of 80 dB (i. e . , a p p ro x im a te ly  9 0 -dB SPL).
V ig ra n  (35) o b s e r v e d  a  m a x im u m  lo u d n e ss  i n c r e a s e  of about 7. 5 dB fo r  
a  1100-H z tone  a t  a  le v e l  of 70 dB S P L  w hen a  1 /3 - o c t a v e  band  of c o n ­
t r a l a t e r a l l y  p r e s e n t e d  w h ite  n o is e  w as  h e ld  c o n s ta n t  a t  100 dB S PL .
In  a n o th e r  e x p e r im e n t  in  w h ich  the  tone le v e l  w as  h e ld  c o n s ta n t  a t 80 
dB S P L , V ig ra n  found th a t  the  m a x im u m  lo u d n e s s  i n c r e a s e  o c c u r r e d  a t 
a  n o is e  le v e l  of 105 dB S P L .
Using a  n u m e r i c a l  m a g n itu d e  b a la n c e  p r o c e d u r e ,  R ow ley  (27) 
ob ta in ed  the g r e a t e s t  i n c r e a s e s  in  lo u d n e s s  a t  1000-H z to n a l  s e n s a t io n  
le v e ls  of 42 and 56 dB in  the  p r e s e n c e  of b r o a d - b a n d  n o is e  d e l iv e r e d  at 
s e n s a t io n  le v e ls  of 80 and  100 d B , r e s p e c t iv e ly .
D e sp i te  a  n u m b e r  of p r o c e d u r a l  d i f f e r e n c e s ,  the  r e s u l t s  of 
the  fo re g o in g  s tu d ie s  a l l  s u p p o r t  the fo llow ing  g e n e r a l iz a t io n s ;
(1) the p e r c e iv e d  lo u d n e s s  of s p e e c h  o r  to n a l  s t im u l i  h e a r d  
in  one e a r  i s ,  u n d e r  c e r t a i n  c o n d i t io n s ,  i n c r e a s e d  by  the  p r e s e n c e  of 
b ro a d - b a n d  o r  n a r r o w - b a n d  t h e r m a l  n o is e  p r e s e n t e d  to  the  o p p o s i te  
e a r .
(2) the  lo u d n e ss  i n c r e a s e  i s  m o s t  a p p a r e n t  a t  f r e q u e n c ie s  
1000 Hz and  above and f o r  n o is e  s t im u lu s  l e v e ls  above 40 dB SL.
(3) the m a x im u m  lo u d n e s s  i n c r e a s e  o c c u r s  w hen  the c o n t r a ­
l a t e r a l  n o is e  s t im u lu s  i s  so m e  30 to  45 dB m o r e  in te n s e  th a n  the  t e s t  
s t im u lu s .
R ow ley  (27) o b ta in e d  lo u d n e s s  fu n c t io n s  of a  1000-H z tone  in  
q u ie t  and  a lso  in  the  p r e s e n c e  of fo u r  d i f f e r e n t  l e v e l s  of c o n t r a l a t e r a l  
b ro a d - b a n d  t h e r m a l  n o is e .  He s u g g e s te d  the  g e n e r a l i z a t io n  th a t  m a x i ­
m u m  lo u d n e s s  i n c r e a s e  m a y  o c c u r  w hen  the  t e s t  s t im u lu s  i s  a t a  le v e l  
w h ich  i s  eoua l  to  the  s n e c t r u m  le v e l  of the n o is e .  An a n a lv s i s  of the
r e s u l t s  of V ig r a n 's  s tudy  (35) s u p p o r ts  th is  g e n e r a l iz a t io n  w hen bo th  
the  t e s t  s t im u lu s  and  n o ise  l e v e l  a r e  e x p r e s s e d  r e la t iv e  to  a c o m m o n  
r e f e r e n c e .  F o r  e x a m p le ,  V ig r a n 's  c o n t r a l a t e r a l  n o ise  s t im u lu s  w as  a 
1 / 3 - o c t a v e  band  of t h e r m a l  n o is e  w ith  a  c e n te r  f re q u e n c y  of 2500 Hz 
w h ic h  d id  no t  o v e r la p  the f r e q u e n c y  of any of the t e s t  to n e s .  Y et the  
lo u d n e s s  i n c r e a s e s  of f r o m  7- to  8 -dB  o b ta in ed  in  th is  s tudy  a r e  s i m i ­
l a r  in  m a g n itu d e  to  th o se  found u n d e r  c e r t a i n  cond it ions  in  a n o th e r  
s tu d y  w h e re  the  bandw id th  of a  c o n t r a l a t e r a l  n o is e  e n c o m p a s s e d  the  
f r e q u e n c y  of the  t e s t  tone  (24). The b a n d w id th  of V ig r a n 's  1/3 - o c t a v e  
n o is e  w as  560 H z, o r  a p p ro x im a te ly  27 dB. W hen th is  va lue  i s  s u b ­
t r a c t e d  f r o m  the  o v e r a l l  le v e l  of 105 dB it  y ie ld s  a  le v e l  p e r  cyc le  of 
78 dB, w h ich  i s  v e r y  c lo se  to  th e  8 0 -dB  S P L  tone  le v e l  a t  w h ich  th e  
m a x im u m  lo u d n e s s  i n c r e a s e s  w e r e  o b s e rv e d .
The r e s u l t s  of E g a n  (7), w ho u s e d  a  s p e e c h  t e s t  s t im u lu s ,  
a l s o  s e e m  to  s u p p o r t  R o w le y 's  g e n e r a l i z a t io n  b u t  s u g g e s t  f o r  s p e e c h  
s ig n a l s  th a t  the  o v e r a l l  le v e l  of th e  t e s t  s t im u lu s  m ay  be  the  d e t e r m i n ­
ing  f a c to r  i n s t e a d  of s p e c t r u m  le v e l .  H o w e v e r ,  a  la c k  of s p e c i f ic a t io n  
of s ig n a l  r e f e r e n c e  le v e l s  m a k e  a  d e ta i le d  c o m p a r i s o n  h a z a rd o u s .
T he  lo u d n e s s  i n c r e a s e s  p ro d u c e d  in  p u r e - to n e  t e s t  s t im u l i  by 
c o n t r a l a t e r a l  n o i s e s  r e q u i r e  f u r t h e r  s tudy .  T he  r e s u l t s  of p r e v io u s  
s tu d ie s  s u g g e s t  th a t  c e r t a i n  g e n e r a l i z a t io n s  ( l i s t e d  above) m ig h t  be 
r e a c h e d ,  bu t,  b e c a u s e  of p r o c e d u r a l  d i f f e r e n c e s ,  su ch  g e n e r a l i z a t io n s  
a r e  te n u o u s .  T h e  p u rp o s e  of th i s  in v e s t ig a t io n  w a s  to  e v a lu a te  the
lo u d n e ss  change  p ro d u c e d  in  t e s t  to n e s  by bo th  a  b ro a d  and  a n a r r o w ­
b and  n o is e  w hen  e a c h  w as  p r e s e n t e d  at one le v e l  w h ich  sh o u ld  e l i c i t  
the  a c o u s t ic  r e f l e x  and a t  one le v e l  w h ich  shou ld  not. T he  t e s t  s t im u l i  
c o n s i s te d  of one tone (500 Hz) w h ich  shou ld  be a f fe c te d  by the  r e f l e x  
but w hich  w as  be low  the n a r r o w  (one-oc tave)  b and  in  f r e q u e n c y ,  one 
tone (1000 Hz) w h ich  w as  a t  th e  c e n te r  of the  n a r r o w  b an d ,  and one 
tone (2000 Hz) w h ich  w as  h ig h e r  in  f re q u e n c y  th a n  the n a r r o w - b a n d  
n o is e .  A lso ,  c e r t a i n  p r o c e d u r a l  v a r i a b l e s  w e r e  s tu d ie d  in  o r d e r  to  
d e t e r m in e  th e  e f f e c t  of th e s e  v a r i a b l e s  on the  a p p a re n t  lo u d n e s s  change .
C H A P T E R  II
KEVIHW OF t h e  L IT E R A T U R E
In t ro d u c t io n
A cc o rd in g  to  S tev e n s  and D av is  (33, P I  10), " lo u d n e s s  i s  an 
a s p e c t  of s e n s a t io n  o b ta in ed  by  l i s te n in g  d i r e c t ly  to  a  sound. " I t  i s  
m e a s u r e d  "by m e a n s  of the d i s c r i m in a t o r y  r e s p o n s e s  of a  n o r m a l  h u ­
m a n  o b s e r v e r .  " T h is  g e n e r a l  d e f in i t io n  d e s c r ib e s  the v e r y  su b jec t iv e  
n a tu re  of lo u d n e ss  m e a s u r e m e n t s .
In d eed ,  the  c u m u la t iv e  r e s e a r c h  to  da te  h a s  shown th a t  in  
o r d e r  to  m e a s u r e  s o m e  a s p e c t  of lo u d n e ss  a c c u r a te ly  an e x p e r i m e n t e r  
m u s t  c a r e fu l ly  c o n t ro l  no t on ly  the  p h y s ic a l  p a r a m e t e r s  of in te n s i ty ,  
w a v e fo rm ,  f r e q u e n c y ,  e tc .  , bu t m u s t  a l s o  c o n s id e r  su ch  p h y s io lo g ic a l  
and  p s y c h o lo g ic a l  f a c t o r s  a s  the  s e n s i t iv i ty  of the  s e n s e  o rg a n  and the  
a t ten tio n ,  c o m fo r t ,  a l e r t n e s s ,  m o t iv a t io n ,  h o m o g e n e ity  and t r a in in g  
of th e  l i s t e n e r s .  In  the  d e s ig n  of any r e s e a r c h  s tudy  i t  i s  he lp fu l to  
the  e x p e r im e n te r  to  know  as  m u c h  about th e s e  cond itions  a s  p o s s i b l e - -  
e s p e c ia l ly  as  they  r e l a t e  to  the  p h en o m en o n  (o r  phenom ena) being  i n ­
v e s t ig a te d .
T he  ph en o m en o n  u n d e r  in v e s t ig a t io n  in  the  p r e s e n t  s tudy  i s
the  lo u d n e ss  change th a t  o c c u r s  w hen  one of two to n e s  being  d e l iv e r e d  
a t s u p r a - th r e s h o ld  le v e ls  to  the  s a m e  e a r  i s  p a i r e d  w ith  a c o n t r a l a t e r ­
a l n o is e .  Only a  few  p re v io u s  s tu d ie s  have  b e e n  c o n c e rn e d  w ith  th is  
a u d i to ry  t a s k  (22, 27, 29, 35). D i r e c t  c o m p a r i s o n s  of the  r e s u l t s  of 
th e s e  s tu d ie s  a r e  d if f icu lt ,  s in ce  d i f f e r e n t  p s y c h o p h y s ic a l  p r o c e d u r e s  
w e r e  u s e d  and the p h y s ic a l  p a r a m e t e r s  u s e d  v a r i e d  a c r o s s  the  s tu d ie s .  
H ow ever ,  c e r t a in  r e l a t io n s h ip s  w hich  do e x i s t  am ong th e s e  s tu d ie s  
w ill  be re v ie w e d  in  th is  c h a p te r .  A tte n tio n  w ill  be g iven  e s p e c i a l l y  to  
the  v a r io u s  f r e q u e n c y ,  in te n s i ty  and  s p e c t r a l  cond it ions  w hich  a r e  a s ­
s o c ia te d  w ith  the  m a g n itu d e  and  d i r e c t io n  of the  lo u d n e ss  change .
Som e B a s ic  M e c h a n i s m s  R e la te d  to  L o u d n e ss  C hanges  
in  the  P r e s e n c e  of C o n t r a l a t e r a l  N o ise
The lo u d n e ss  c h an g e s  o b s e r v e d  in  the  p r e s e n c e  of n o is e  d e s ­
c r ib e d  in  th i s  c h a p te r  a p p e a r  to  r e s u l t  f r o m  an  in t e r a c t io n  b e tw ee n  any 
o r  a l l  of t h r e e  b a s ic  m e c h a n i s m s  of aud ition . T h e s e  a r e  b in a u ra l  
lo u d n e ss  s u m m a tio n ,  th e  a c o u s t ic  r e f le x ,  and v a r io u s  ty p e s  of m a s k ­
ing. The f i r s t  i s  u s u a l ly  id e n t i f ie d  w ith  lo u d n e ss  i n c r e a s e s  e x p e r ­
ie n c e d  by s u b je c t s  u n d e r  c e r t a in  l i s te n in g  co n d it io n s .  The sec o n d  and 
t h i r d  a r e  a s s o c ia t e d  w ith  lo u d n e s s  d e c r e a s e s .  E a c h  of th e s e  m e c h a n ­
i s m s  h a s  b e e n  the  o b je c t  of e x te n s iv e  r e s e a r c h .  The in i t i a l  s e c t io n  of 
th is  c h a p te r  i s  in c lu d e d  in  o r d e r  to  p ro v id e  a  b r i e f  s u m m a r y  of the 
b a s ic  d e f in i t io n s  and  re c o g n iz e d  c h a r a c t e r i s t i c s  of e ac h  of th e s e  m e c h ­
a n i s m s .
B in a u r a l  S u m m a tio n  of L o u d n ess  
D uring  the p a s t  c e n tu ry  s e v e r a l  in v e s t ig a to r s  have  o b s e rv e d  
th a t  id e n t ic a l  to n e s  h e a r d  s im u l ta n e o u s ly  in  the two e a r s  sound  lo u d e r  
than  does  one tone h e a r d  in  one e a r  a lone. T h is  p r in c ip le  and  th e se  
s tu d ie s  a r e  r e v ie w e d  by H i r s h  (11) who s u g g e s ts  th a t  " i n t e r a u r a l  s u m ­
m a t io n "  m ig h t  be a  m o r e  d e s c r ip t iv e  t e r m ,  s in ce  i t  i s  b a s e d  upon an 
in t e r a c t io n  b e tw ee n  the  two e a r s .  H o w e v e r ,  the m o r e  f a m i l i a r  t e r m  
w ill  be u s e d  in  th is  s tudy .
The m o n a u ra l  v s  b in a u ra l  lo u d n e ss  le v e l  r e la t io n s h ip  w as  
q u an t if ied  in  1933 by F l e t c h e r  and  M unson  (8) w ho co n c lu d ed  th a t  a  tone  
h e a r d  s im u l ta n e o u s ly  in  b o th  e a r s  is  tw ice  as  lo u d  as  the s a m e  tone 
h e a r d  in  one e a r  in  q u ie t  s u r ro u n d in g s .  T h e s e  a u th o r s  r e a s o n e d  f u r ­
th e r  th a t  the  lo u d n e ss  of a  sound  i s  p ro b a b ly  d e p en d e n t  on th e  to t a l  n u m ­
b e r  of im p u ls e s  th a t  r e a c h e s  the  b r a i n  p e r  sec o n d  along  the  a u d i to ry  
t r a c t .  T h u s ,  s t im u la t io n  r e a c h in g  the  c o r te x  v ia  the  two a u d i to ry  s y s ­
t e m s  w ould  p r e s e n t  tw ic e  a s  m a n y  im p u ls e s  p e r  s e c o n d  a s  th ro u g h  one 
e a r  and, t h e r e f o r e ,  w ould  sound  tw ic e  a s  loud.
M o re  r e c e n t  w o rk s  by  R ey n o ld s  and  S tev e n s  (26) an d  o th e r s  
(9, 10, 27) show th a t  th e  r e l a t io n s h ip  m e n t io n e d  above i s  no t so  s im p le  
a s  th a t  su g g e s te d  by F l e t c h e r  and M unson  (8). R ey n o ld s  and  S tev en s  
d e t e r m in e d  lo u d n e ss  fu n c t io n s  u s in g  five  d i f f e re n t  k in d s  of p s y c h o p h y s i ­
c a l  p r o c e d u r e s  and d i s c o v e r e d  th a t  the b in a u ra l  lo u d n e ss  of a  1000-H z 
tone  in  q u ie t  r a n g e s  f r o m  about 1 .4  t i m e s  a s  g r e a t  a s  m o n a u ra l
lo u d n e ss  at s e n s a t io n  le v e l s  of 40 dB to  2. 3 t i m e s  a s  g r e a t  at l e v e l s  of 
abou t 100 dB SL. The d ep en d e n ce  of th e  e x te n t  of the  b in a u ra l  s u m m a ­
t io n s  on s e n s a t io n  le v e l  w a s  a lso  d e m o n s t r a t e d  by C a u s s e  and C h a v a s s e  
(5) who u s e d  m o n a u r a l - b in a u r a l  lo u d n e s s  b a la n c e s  to  d i s c o v e r  th a t  the 
3 -HR d i f f e re n c e  in  fa v o r  of the b in a u r a l l y - p r e s e n t e d  tone  a t th r e s h o ld  
g ra d u a l ly  b e c a m e  a  6 -dB  d if f e re n c e  a t  le v e l s  of 35 to 65 dB.
T he A c o u s t ic  R e f lex
At h igh  in t e n s i ty  l e v e ls  the  m id d le  e a r  m u s c l e s ,  p a r t i c u l a r l y  
the  s ta p e d iu s ,  c o n t r a c t  and  change the  im p e d a n c e  p r o p e r t i e s  of the  
m id d le  e a r  m e c h a n i s m  in  su ch  a  m a n n e r  a s  to  r e d u c e  the  in te n s i ty  of 
th e  sound  r e a c h in g  th e  in n e r  e a r  (2, 4 ,  6, 14, 15, 16, 18, 19, 20, 24, 
25, 36, 37, 38, 39). The l i t e r a t u r e  on the  a c o u s t ic  r e f l e x  i s  e x t e n ­
s iv e  and  h a s  b e e n  s u m m a r i z e d  by  J e p s o n  (14) and  o th e r s  (20, 38).
T h u s ,  i t  i s  n o t  r e v ie w e d  th o ro u g h ly  h e r e .  H o w e v e r ,  a  few  b a s ic  c h a r ­
a c t e r i s t i c s  of th e  a c o u s t ic  r e f l e x  th a t  r e l a t e  to  the  p r e s e n t  s tudy  a r e  
re v ie w e d .
F i r s t ,  th e  r e f l e x  i s  e l i c i t e d  only  by r e l a t iv e ly  in te n s e  sounds .  
The r e f l e x  th r e s h o ld  in  n o r m a l  e a r s  v a r i e s  w ith  f r e q u e n c y ,  ra n g in g  
f r o m  70 to  75 dB SL  in  th e  m id - f r e q u e n c y  r a n g e  to 90 to  95 dB SL a t  
low and  h igh  f r e q u e n c ie s  (6, 14, 16, 19). The th r e s h o l d  h a s  b e e n  
found to  v a r y  w id e ly  am ong  in d iv id u a ls  a t a  g iv e n  f r e q u e n c y  (6, 14).
I t  h a s  b e e n  know n fo r  n e a r ly  100 y e a r s  (23) th a t  the
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c o n t ra c t io n  of the m id d le  e a r  m u s c l e s  in  a n im a ls  i s  b i l a t e r a l - - t h a t  i s ,  
the  m u s c l e s  on bo th  s id e s  w il l  be  a c t iv a te d  by a to n e  p r e s e n t e d  to  one 
e a r  only. The d i s c o v e r y  by  L u s c h e r  (18), in  1929, th a t  th i s  b i l a t e r a l  
c h a r a c t e r i s t i c  a l s o  p e r t a i n s  to  m a n  opened  the  d o o r  fo r  m a n y  s tu d ie s  
w h ich  u s e d  c o n t r a l a t e r a l  a r o u s a l  s t im u l i  to  d e t e r m in e  th e  e f f e c t  of the 
a c o u s t ic  r e f l e x  on v a r io u s  s t im u lu s  p a r a m e t e r s  p r e s e n t e d  to  the  t e s t  
e a r .
O th e r  in v e s t ig a t o r s  (21, 25, 32) have  d i s c o v e r e d  th a t  th e  r e ­
f le x  can  a lso  be  e l i c i t e d  v o lu n ta r i ly  by c e r t a in  in d iv id u a ls ,  p ro d u c in g  
th r e s h o ld  s h if ts  r a n g in g  f r o m  25 to  35 dB SL a t the  low f r e q u e n c i e s  to  
no sh if t  a t  2000 Hz and  above . L oeb  and  R io p e l le  (17) s u g g e s te d  th a t  
th i s  a b i l i ty  of s o m e  s u b je c t s  to  p ro d u c e  th r e s h o l d  s h i f t s  by v o lu n ta ry  
c o n t ra c t io n  of th e  m id d le  e a r  m u s c l e s  m ig h t  p o s s ib ly  confound  c e r t a i n  
r e s u l t s  in  r e f l e x  s tu d ie s .  F u r t h e r  a t te n t io n  i s  g iv e n  th i s  p h e n o m e n o n  
in  C h a p te r  IV.
P u r e  to n e s ,  e v e n  a t h igh  le v e l s ,  h a v e  b e e n  found to  be  r e l a ­
t iv e ly  in e f fe c t iv e  in  p ro d u c in g  s u s ta in e d  r e f l e x  a c t iv i ty  (36). W a rd  (36) 
in v e s t ig a te d  the  r e l a t i v e  e f f e c t iv e n e s s  of v a r io u s  b an d s  of c o n t r a l a t e r a l  
n o is e  in  a ro u s in g  the  a c o u s t i c  r e f le x .  L o w -f re q u e n c y  n o is e  b a n d s  p r o ­
du ced  m o r e  r e f l e x  a c t iv a t io n  th a n  h ig h - f r e q u e n c y  b a n d s .  V a ry in g  the  
bandw id th  of th e  a r o u s a l  n o is e  h a d  v e r y  l i t t l e  e f f e c t  on th e  a c o u s t i c  r e ­
f le x .  An ir r ip o rtan t  v a r i a b l e  w as  the  lo w e r  cu to ff  f re q u e n c y  of th e  n o ise  
band . The n o is e  b and  b e c o m e s  m o r e  e f fe c t iv e  i n  a l t e r in g  t h r e s h o ld s
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a s  the lo w - f re q u e n c y  cut off is  r e d u c e d  to w a rd  500 Hz. I t w as  a lso  
found th a t  a 5 0 0 -H z tone w as  a t te n u a te d  m o re  by the  r e f le x  than  w e re  
to n e s  of a d ja c e n t  f r e q u e n c ie s .  T h is  r e la t io n s h ip  h e ld  t r u e  f o r  all 
b an d s  of the  r e m o te  a r o u s a l  n o ise ,  a l l  of w hich  w e re  above the f r e ­
quency  of the 500-H z  tone.
On the  b a s i s  of th i s  b r i e f  s u m m a r y  of the c h a r a c t e r i s t i c s  of 
the  a c o u s t ic  r e f le x  one w ould  ex p e c t  the  g r e a t e s t  a t ten u a t io n  c a u s e d  by 
the  a c o u s t ic  r e f le x  (1) to  o c c u r  fo r  a  low  (5 0 0 -Hz) tone of h igh  in t e n ­
s i ty ,  (2) to  o c c u r  in  the  p r e s e n c e  of a s tead y  w ide o r  n a r r o w  b an d  of 
c o n t r a l a t e r a l  n o is e ,  the  lo w e r  cu toff f re q u e n c y  of w h ich  e i th e r  in c lu d e s  
the 500 Hz tone  o r  i s  c lo se  to i t ,  and  (3) to  o c c u r  w hen  the in te n s i ty  of 
the  n o ise  i s  abou t 30 dB above the r e f l e x  th r e s h o ld  of 70 to  80 dB in  
the  m id - f r e q u e n c y  reg io n .
M ask ing
M ask in g  r e p r e s e n t s  a change  in  the  th r e s h o ld  of one sound  due
to  the  p r e s e n c e  of a  se c o n d  sound. S e v e ra l  d i f f e re n t  ty p e s  of m a sk in g
a r e  d ef ined  by  W a rd  (37, P .  245) a s  fo llow s:
W hat i s  u s u a l ly  m e a n t  by  " m a s k in g "  i s  i p s i l a t e r a l  d i r e c t  m a s k ­
ing; th i s  o c c u r s  w hen the  m a s k e r  and  m a s k e e  a r e  (a) in  the  
s a m e  e a r  and  (b) in  the  s a m e  f r e q u e n c y  reg io n .  R e m o te  m a s k - 
ing d e s c r i b e s  th r e s h o ld  s h if ts  in  the  s a m e  e a r  p ro d u c e d  by a  
m a s k e r  in  a  d i f f e re n t  f r e q u e n c y  r e g io n  f r o m  th a t  of the  m a s k e e .  
T r a n s c r a n i a l  m a sk in g  c o m e s  about b e c a u s e  the e a r s  can n o t be 
c o m p le te ly  in s u la te d  f r o m  e a c h  o th e r  a c o u s t ic a l ly :  the m a s k e r  
le a k s  a ro u n d  the  h e a d  and  p r o d u c e s  m a sk in g  in  the  oppos ite  
e a r .  C e n t r a l  m a sk in g ,  s im i la r l y ,  a r i s e s  b e c a u s e  the  tw o e a r s  
a r e  no t  in s u la te d  n e u ro io g ic a i ly ;  if  the p r e s e n c e  of a m a s k e r  in
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one  e a r  a t  a n  i n t e n s i t y  too  low  to p r o d u c e  t r a n s c r a n i a l  m a s k i n g  
n e v e r t h e l e s s  d o e s  r a i s e  the  t h r e s h o l d  in  the  o t h e r  e a r ,  t h i s  p r e ­
s u m a b l y  o c c u r s  b e c a u s e  s o m e  of  the f i n a l  c o m m o n  n e u r a l  p a t h ­
w a y s  u s u a l l y  a v a i l a b l e  to  the  u n m a s k e d  e a r  a r e  p r e e m p t e d  by  
t h e  m a s k i n g  n o i s e .  B o t h  t r a n s c r a n i a l  and  c e n t r a l  m a s k i n g  a r e  
c o n t r a l a t e r a l  p h e n o m e n a ,  in  the  s e n s e  t h a t  t h e  m a s k e r  i s  i n  one  
e a r ,  t h e  m a s k e e  in  t h e  o t h e r ;  t h e y  b o t h  m a y  be  e i t h e r  d i r e c t  o r  
r e m o t e ,  d e p e n d i n g  on  t h e  f r e q u e n c i e s  of  t h e  m a s k e r  a n d  m a s k e e .
L o u d n e s s  C h a n g e  w i t h  C o n t r a l a l e rs-]_N o i s e
W h i l e  i n v e s t i g a t i n g  the  e f f e c t s  of i n t e r a u r a l  p h a s e  on l o u d n e s s  
m e a s u r e m e n t s ,  H i r s h  and  P o l l a c k  (13), i n  1948 ,  found  t h a t  the  i n t r o ­
d u c t io n  of  a t h e r m a l  n o i s e  i n  the  c o n t r a l a t e r a l  e a r  w i l l  i n c r e a s e  the  
l o u d n e s s  of  a  s u p r a t h r e s h o l d  tone  m i x e d  w i t h  n o i s e  i n  t h e  t e s t  e a r .  No 
s u c h  e n k a n c e m e n t  of  t o n a l  ]oudnes<= w a s  o b s e r v e d  w h e n  the t o n e  w a s  
p r e s e n t e d  « lone  in  t h e  t e s t  e a r  a lo n g  w i th  the n o i s e  i n  t h e  o p p o s i t e  e a r .  
In f a c t ,  i f  t h e  l e v e l  of  t h e  n o i s e  in  t h e  o p p o s i t e  e a r  we  r e  v e r y  loud ,  
the  l o u d n e s s  of  the  t o n e  i n  t h e  t e s t  e a r  w a s  r e d u c e d ,  p r e s u m i a b l y  due  to 
t r a n s c r a n i a l  m a s k i n g .
In  1 948 E g a n  (7) r e p o r t e d  a  s t u d y  on  t h e  e f f e c t  of n o i s e  b e i n g  
p r e s e n t e d  to  one  e a r  o n  t h e  s u b j e c t i v e  l o u d n e s s  of s p e e c h  i n  the  o t h e r .  
U s in g  th e  m e t h o d  of  a d ju s t m i e n t ,  s i x t e e n  s u b j e c t s  v a r i e d  t h e  l e v e l  of a  
n o i s e  i n  o n e  e a r  w h i l e  l i s t e n i n g  to  a  p r o s a i c  s p e e c h  s a m p l e  d e l i v e r e d  
a t  a  c o n s t a n t  l e v e l  to  t h e  o t h e r .  In t h e  p r e l i m i n a r y  s t u d y  I 3 of  t h e  16 
s u b j e c t s  r e p o r t e d  t h a t  s p e e c h  s o u n d e d  l o u d e r  a s  t h e  l e v e l  of  t h e  c o n ­
t r a l a t e r a l  t h e r m a l  n o i s e  w a s  p r o g r e s s i v e l y  i n c r e a s e d  to  a  c e r t a i n  l e v ­
el ,  a bove  w h i c h  t h e  s p e e c h  b e g a n  to s o u n d  f a i n t e r .
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In a l a t e r  study , u s in g  only  two t r a in e d ,  n o r m a l - h e a r in g  
l i s t e n e r s ,  E g a n  d e s ig n e d  and  c a r r i e d  out a m o r e  c a re fu l ly  c o n t ro l le d  
p r o c e d u r e  in  w hich  e ac h  l i s t e n e r  a d ju s te d  the le v e l  of one s p eech  
s a m p le  un ti l  i t  sounded  eq u a l  in  lo u d n e ss  to  a s im i l a r  p r o s a i c  sp e e c h  
s a m p le  th a t  w as  being d e l iv e r e d  a l t e r n a t e ly  a t a f ixed  in te n s i ty  le v e l  in  
the  s a m e  e a r .  The f ixed  le v e ls  w e r e  r e p o r t e d  a s  15, 25, 35, 45, and 
55 dB SL.  ^ T h e r m a l  n o ise  ra n g in g  f r o m  20 to 100 dB SL w as  p r e s e n te d  
to  the oppos ite  e a r  d u ring  a l t e r n a t e  s p e e c h  s a m p le s .
E g a n 's  r e s u l t s  fe l l  in to  a  c o n s i s te n t  p a t t e r n  w h ich  show ed  
l i t t l e  o r  no lo u d n e ss  i n c r e a s e  fo r  s p e e c h  in  the  p r e s e n c e  of c o n t r a l a t ­
e r a l  n o ise  w ith  n o ise  le v e ls  lo w e r  th a n  40 dB SL. Then , a s  th e  n o is e  
le v e l  w a s  i n c r e a s e d  above th i s  v a lu e  the  s p e e c h  w ith  n o is e  b e c a m e  
lo u d e r  u n t i l  a  m a x im u m  lo u d n e ss  i n c r e a s e  w as  r e a c h e d ,  a f te r  w hich  
th e  lo u d n e ss  of the s p e e c h  s e e m e d  to  d e c r e a s e  w ith  in c r e a s in g  n o is e  
le v e l .  T h e s e  m a x im u m  lo u d n e ss  i n c r e a s e s  o c c u r r e d  a t  d i f f e re n t  n o is e  
le v e l s ,  depending  on the  f ix e d  s t a n d a r d  sp e e c h  le v e l .  H o w e v e r ,  w h a t 
w as  m o s t  in t e r e s t in g  in  the  l ig h t  of the  p r e s e n t  s tudy  w as  th e  te n d e n c y  
fo r  the m a x im u m  lo u d n e ss  i n c r e a s e  in  n o is e  to o c c u r  w hen  the  n o ise  
le v e l  w a s  about 35 to 40 dB above the  s p e e c h  le v e l .  T h is  e f fe c t  w as  
m o s t  p ro n o u n c e d  a t  m o d e r a te  s p e e c h  le v e ls .  F o r  e x a m p le ,  the
^Both the  s p e e c h  le v e ls  and  n o is e  le v e l s  g iven  in  th i s  s tudy  
a r e  r e p o r t e d  in  s e n s a t io n  l e v e l  u n i t s ,  i .  e. , l e v e l s  above the  s u b je c t s  
own th r e s h o ld  of d e te c ta b i l i ty  fo r  s p e e c h  o r  n o is e .  E g a n  e s t im a te d  
th a t  fo r  th e s e  su b je c t s  0 dB SL fo r  s p e e c h  w ould  a p p ro x im a te ly  e q u a l  
10 dB S P L ,  r e  . 0002 d y n e /c m ^ .
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m a x im u m  lo u d n e ss  i n c r e a s e  fo r  s p e e c h  in  n o is e  (7 dB) w as  o b ta in ed  
w hen  th e  s p e e c h  le v e l  w as  4 5 -d B  SL and the  n o is e  w as  d e l iv e r e d  to  the  
c o n t r a l a t e r a l  e a r  a t  8 0 -dB SL. A n o th e r  g e n e r a l i z a t io n  w h ich  ca n  be 
m a d e  f r o m  th e s e  d a ta  i s  th a t  t h e r e  a p p e a r s  to  be  l e s s  lo u d n e ss  i n ­
c r e a s e  a t h igh  s p e e c h  le v e l s  and  a t h igh  n o is e  l e v e l s .  In som e c a s e s  
even  lo u d n e s s  d e c r e a s e s  w e r e  found at v e r y  h igh  n o ise  le v e ls .
E g a n  o f fe re d  two p o s s ib le  m e c h a n i s m s  to  ex p la in  th e s e  r e ­
s u l ts ;  The f i r s t  w a s  th a t  w hen  the  i n t r a - a u r a l  m u s c l e s  (of a n im a ls )  
c o n t r a c t  b i l a t e r a l l y  in  the  p r e s e n c e  of the  n o is e  they  m a y ,  u n d e r  c e r ­
ta in  c o n d i t io n s ,  p ro d u c e  an  a m p li f ic a t io n  e f fe c t .  I t  w a s n ' t  s t a t e d  as  to  
how th is  m ig h t  o c c u r  in  h u m a n s .  T he  s e c o n d  m e c h a n i s m ,  o f fe re d  by 
E g a n  a s  b e in g  m o r e  p la u s ib le ,  i s  a s  fo llow s;
The to t a l  i m p r e s s i o n  of lo u d n e s s  in  b in a u r a l  s t im u la t io n  i s  g r e a t ­
e r  th a n  fo r  e i th e r  e a r  a lone . T h u s  the  l i s t e n e r  can n o t 'h e a r  
ou t '  th e  two co m p o n e n ts ,  one f r o m  the  o th e r ,  and  th e n  a s s e s s  
th e  lo u d n e s s  of e a c h  co m p o n en t.  I f  the  s t im u l i  a r e  m a rk e d ly  
d i f f e r e n t ,  h o w e v e r ,  th e  lo u d n e s s  of one e a r  m a y  no t s u m  w ith  
th e  lo u d n e s s  f r o m  the  o th e r  e a r .  T h u s ,  i f  one p u r e  tone  i s  le d  
to  one e a r  and  a  p u r e  tone  of d i f f e r e n t  f r e q u e n c y  i s  le d  to  the  
o th e r ,  the  am o u n t of s u m m a t io n  of lo u d n e s s  a p p a re n t ly  d ep en d s  
upon  the  s i m i l a r i t y  in  f re q u e n c y  b e tw e e n  th e  two to n e s .  I t  i s  
p r o b a b le ,  t h e r e f o r e ,  th a t  a  n o is e  in  one e a r  i n c r e a s e s  the  lo u d ­
n e s s  of sp e e c h  h e a r d  in  th e  o th e r  e a r  b e c a u s e  of the s i m i l a r i t y  
b e tw e e n  the  t e m p o r a l  a n d  f re q u e n c y  c h a r a c t e r i s t i c s  of t h e r m a l  
n o is e  and  s p e e c h  (7, p. 62).
E g a n  a l s o  r e p o r t e d  a n o th e r  s tudy  w h ich  show ed  s o m e  v a r i ­
a b i l i ty  due ,  (he th o u g h t) , to  p r o c e d u r a l  d i f f e r e n c e s .  E ig h t  n a iv e  s u b ­
j e c t s  m a d e  lo u d n e s s  m a tc h e s  fo r  s p e e c h  w ith  th e  r e f e r e n c e  s t im u lu s  
p r e s e n t e d  a t a  s e n s a t io n  le v e l  of 45 dB and  w ith  the  n o is e  p r e s e n t e d  a t
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70 dB SL. The a v e ra g e  i n c r e a s e  in  the s p e e c h - w i th - n o i s e  s ig n a l  w as
c o m p e n s a te d  fo r  by a 3. 7 dB change  in  the s p e e c h  le v e l  w hen  i t  w as
fo llow ed  by the s p e e c h  w ith  n o is e .  H o w e v e r ,  w hen the s p e e c h  w ith
n o is e  w as  fo llow ed  by the  s p e e c h  a lone the s p e e c h  le v e l  h ad  to  be in -
2
c r e a s e d  by only  2. 4 HR in o r d e r  to  m ake  a  lo u d n e ss  m a tc h .  T h is  i n ­
d ic a te s  th a t  th e r e  m a y  be a p r e c e d e n c e  e f fe c t  invo lved . The r e l a t i v e ly  
s m a l l  i n c r e a s e s  found w ith  bo th  p r o c e d u r e s  w hen  c o m p a r e d  w ith  E g a n 's  
f i r s t  s tudy  a r e  p ro b a b ly  due to  the  fa c t  th a t  the  s p e e c h  and  c o n t r a l a t e r ­
a l  n o is e  s ig n a ls  w e re  s e p a r a t e d  by only 25 dB.
Som e r e m a r k s  w e r e  m a d e  in  E g a n 's  p a p e r  abou t s o m e  o th e r  
e x p e r im e n t s  he had  done p e r ta in in g  to (1) the  lo u d n e ss  of s p e e c h  in  the  
p r e s e n c e  of c o n t r a l a t e r a l  m a s k in g  p u r e  to n e s  of v a r io u s  f r e q u e n c i e s ,  
and  (2) the e f fe c t  of c o n t r a l a t e r a l  n o is e  on the lo u d n e s s  of p u r e  to n e s .  
W ith  r e g a r d  to  the  f i r s t ,  E g a n  r e p o r t e d  no n o t ic e a b le  e f fe c t  on the  
lo u d n e s s  of s p e e c h  in  the  p r e s e n c e  of h ig h - l e v e l  c o n t r a l a t e r a l  p u r e -  
to n e  m a s k in g ,  b u t  th e r e  w as  a  s l ig h t  i n c r e a s e  in  th e  p r e s e n c e  of lo w -  
le v e l  tone m a sk in g .  I n te r e s t in g ly ,  in  th e  sec o n d  e x p e r im e n t  no i n ­
c r e a s e  in  th e  lo u d n e s s  of p u re  to n e s  w a s  o b s e r v e d  in  the  p r e s e n c e  of 
c o n t r a l a t e r a l  n o is e .  T h e r e  i s  no m e n t io n  of the  p a r t i c u l a r  p a r a m e t e r s  
2
I t  h a s  b e e n  found m o s t  co n v en ien t  by  E g a n  an d  by the  a u th o r s  
of m o s t  of the  o th e r  r e l a t e d  s tu d ie s  to  e x p r e s s  lo u d n e s s  c h a n g e - - n o t  in  
to n e s  o r  lo u d n e ss  u n i t s - - b u t  in  d e c ib e ls  s ign ify ing  the  in t e n s i ty  i n ­
c r e a s e s  o r  d e c r e a s e s  n e c e s s a r y  to  o b ta in  eq u a l  s u b je c t iv e  lo u d n e s s  
b e tw e e n  the  s t im u l i  b e in g  c o m p a re d .  T h is  p r a c t i c e  i s  a d h e r e d  to  in
^ b — ^  .  ■— 4" 4»# * - J  « —L J i ic  y z  c  o c i jL V  o L . u v o . y .
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u s e d ,  h o w e v e r .
Among the e a r l i e s t  s tu d ie s  in  w hich  lo u d n e ss  ch an g e s  in  the 
p r e s e n c e  of c o n t r a l a t e r a l  n o is e  a r e  r e p o r te d  a r e  th o se  d e s ig n e d  to  i n ­
v e s t ig a te  the e f fec t of the a c o u s t ic  re f le x .  \ s  e a r ly  a s  1941 B e k e sy
(2) o b s e rv e d  th a t  a lo w - f re q u e n c y  tone  in one e a r  d e c r e a s e d  in  lo u d n e ss  
w hen  an in te n s e  h ig h - f r e q u e n c y  tone w as  p r e s e n te d  to the o th e r .  A 
d eca d e  l a t e r  B e k e s y  and R o s e n b l i th  (4) r e p o r t e d  th is  s a m e  o b s e rv a t io n  
and added  th a t  the  lo u d n e ss  d e c r e a s e s  o b ta in ed  in  the  u n m a sk e d  e a r  
w e r e  on th e  o r d e r  of 5 to  10 dB, p r e s u m a b ly  due to  the  a c t io n  of the 
a c o u s t ic  r e f le x .
Shap ley  (28), in  1954, u s e d  a m o n a u ra l  lo u d n e ss  b a lan ce  p r o ­
c e d u re  s i m i l a r  to  E g a n 's  in  an a t te m p t  to  quan tify  the o b s e rv e d  lo u d ­
n e s s  ch an g e  p ro d u c e d  in  p u re  to n e s  a s  a  r e s u l t  of the  p r e s e n c e  of co n -  
t r a l a t e r a l l y - p r e s e n t e d  n o is e  a s  r e p o r t e d  by  30 o b s e r v e r s .  Shapley 
d e s c r i b e s  h i s  p r o c e d u r e  as  fo llow s: "A  250 cyc le  tone  a t a  90 dB s e n ­
s a t io n  l e v e l  w as  in t ro d u c e d  by phone in to  the  r ig h t  e a r  of e a c h  o b s e r v ­
e r .  Tw o seco n d s  following the  in t ro d u c t io n  of th i s  tone a  t h e r m a l  
n o is e  w a s  in t ro d u c e d  by phone in to  th e  le f t  e a r ,  th i s  a l so  a t a  90 dB 
s e n s a t io n  le v e l .  . . . The o b s e r v e r s  w e re  g iven  five  s e c o n d s  to  no te  
th e  r e d u c e d  lo u d n e ss  of the tone  w hile  the  n o ise  w as  be ing  d e l iv e r e d  to  
the  o p p o s i te  e a r .  The n o is e  s t im u lu s  w a s  then  t e r m in a t e d  suddenly . " 
D u r in g  the  2- to  4 - s e c o n d  p e r io d  th a t  fo llow ed  the s u b je c t  ". . . a t -
CtîiiUctLcru LiiC kWiic Aix CW .X a,z
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to  h im  to be equa l to the  lo u d n e ss  o b s e r v e d  d u r in g  the p r e s e n ta t io n  of 
the  n o ise  in  the le f t  e a r .  . . . T he  s u b je c t  w as  then  g iv e n  a 15 second  
s i le n t  p e r io d  b e fo re  the  c y c le  w as  r e p e a te d .  " (7, pp 419-420) .
The r e s u l t s  show ed  a  m e a n  d e c r e a s e  fo r  the  30 o b s e r v e r s  of
15. 1 dB in  the  lo u d n e ss  of the  p u re  tone w h ich  w as  p a i r e d  w ith  the  c o n ­
t r a l a t e r a l  n o ise .  H o w e v e r ,  the  m e a n  lo u d n e ss  d e c r e a s e s  fo r  e ac h  of 
the  ind iv idua l  o b s e r v e r s  r a n g e d  f ro m  7. 4 dB to 26. 8 dB SL, w hich  i n ­
d ic a te s  the  e x i s te n c e  of c o n s id e r a b le  in t e r  s u b je c t  v a r i a b i l i ty  even  
though e a c h  s u b je c t  w as  r e p o r te d ly  c o n s i s te n t  in  h i s  own r e s p o n s e s .  
Shap ley  a t t r ib u te d  th i s  w ide  v a r i a b i l i ty  to  (1) the p o s s ib i l i ty  th a t  the 
ju d g m e n t  of so m e  s u b je c t s  m a y  h ave  b e e n  in f lu en ced  by su b je c t iv e  p i tc h  
c h an g e s  w hich  th e y  r e p o r t e d  (2) d i f f e r e n c e s  am ong  s u b je c t s  in  the 
th r e s h o ld  of d e te c t ib i l i ty  w h ich  w ould  a f fe c t  th e  sound  p r e s s u r e  le v e l  of 
the  9 0 -dB tone , o r  (3) d i f f e r e n c e s  am ong  in d iv id u a ls  in  the  a b i l i ty  of 
the  a c o u s t ic  r e f l e x  to  a t te n u a te  the  le v e l  of the  tone .
Shapley  d id  a  seco n d ,  m o r e  c o m p re h e n s iv e  s tudy  (29) w h ich  i s  
u n p u b lish e d  bu t w h ich  h a s  b e e n  r e p o r t e d  in  p a r t  by  P r a t h e r  (24) cind 
R e g e r  (25). U sing a  p r o c e d u r e  e s s e n t i a l ly  th e  s a m e  a s  th a t  r e p o r t e d  
in  h i s  p re v io u s  s tudy  (28) S hap ley  p r e s e n t e d  250-H z to n e s  a t le v e ls  
ran g in g  f r o m  60 to  100 dB SL in  10-dB s te p s  bo th  in  q u ie t  and  in  the 
p r e s e n c e  of fo u r  l e v e l s  of c o n t r a l a t e r a l  n o is e .  T h e s e  n o is e  le v e ls  
w e r e  60, 70, 80, and 90 dB SL. A cco rd in g  to  R e g e r  (25) s m a l l e r  r e ­
d u c t io n s  of lo u d n e ss  w e r e  o b ta in e d  in  th i s  seco n d  study . F o r  ex a m p le ,
1 R
a t  90 dB SL only a 6 -dB  m e a n  lo u d n e ss  d e c r e a s e  w as  o b ta in ed  a s  c o m ­
p a r e d  w ith  the 15-dB d e c r e a s e  n o te d  in  the p r e v io u s  s tudy. R e g e r  a lso  
s t a t e s  th a t ,  in  the  c o u r s e  of e x p e r im e n ta t io n  w ith  h ig h e r - f r e q u e n c y  
t e s t  to n e s ,  Shap ley  o b ta in ed  lo u d n e ss  i n c r e a s e s  of about 4 dB in  the 
p r e s e n c e  of c o n t r a l a t e r a l  n o ise  (25).
T h e s e  r e s u l t s  of S h a p le y 's  w e r e  s t a t i s t i c a l l y  s ig n if ic a n t  w ith  
r e s p e c t  to  n o is e  le v e l  and f re q u e n c y ,  bu t he found l i t t l e  d i f f e re n c e  in 
lo u d n e s s  change  a s  a  func tion  of tone  le v e l  (29).
P r a t h e r  (24) d id  a  fo llow  up s tudy  to  d e te r m in e  if  S h a p le y ' s 
r e s u l t s  m ig h t  have  b e e n  d i f f e re n t  i f  the  p i tc h  sh if ts  o b s e r v e d  by 
S h a p le y 's  su b je c ts  w e r e  c o n t ro l le d .  T en  s u b je c t s  w e r e  t r a i n e d  to  
c a r r y  out m o n a u ra l  lo u d n e s s  b a l a n c e s  b e tw ee n  a  tone  a p p e a r in g  in  
q u ie t  w ith  a  tone a p p e a r in g  in  the  p r e s e n c e  of a  4 0 -dB and  a  100-dB  SL 
t h e r m a l  n o ise  p r e s e n t e d  to  the  o p p o s ite  e a r .  Only the  tone  l e v e l s  of 
20 dB and 80 dB SL w e r e  u sed .  F iv e  t e s t - t o n e  f r e q u e n c ie s  a t  o n e -  
oc tav e  in t e r v a l s  f r o m  250 th ro u g h  3000 Hz w e re  u se d .  E a c h  of the  20 
co m b in a t io n s  of the  t h r e e  p a r a m e t e r s  w a s  g iv e n  u n d e r  tw o c o n d i t io n s ;  
(1) lo u d n e ss  m a tc h  a lone  and (2) a  m a tc h  fo r  both  lo u d n e ss  and  p itch .  
P r a t h e r  d e s c r ib e s  th e  l o u d n e s s - a n d - p i t c h  m a tc h  cond it ion  a s  fo llow s;
". . . T he su b je c t  w as  i n s t r u c t e d  to  b a la n c e  th e  two to n e s  fo r  bo th  
lo u d n e ss  and  p itch  by  s e p a r a t e  c o n t ro l s .  . . .  he  a d ju s te d  the  tone  
f i r s t  f o r  p i tch ,  then  f o r  lo u d n e s s ,  o r  v ic e  v e r s a ,  and  th en  b a c k  and  
fo r th  b e tw e e n  p i tc h  and  lo u d n e ss  a d ju s tm e n ts  u n t i l  he  f e l t  he  h a d  the
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b e s t  p o s s ib le  m a tc h  fo r  both . " (24, p. 186).
The p r o c e d u r e  fo r  p r e s e n t in g  the s t im u l i  w as  s i m i l a r  to 
S h a p le y 's  bu t  d i f f e r e d  in  th a t  the  tw o - s e c o n d  p r e s e n ta t io n  of the  s ta n d ­
a r d  to n e -w i th - n o is e  w as  fo llow ed  by only a  tw o - s e c o n d  s i le n t  p e r io d  
b e fo re  the  v a r i a b le  c o m p a r i s o n  tone  w as  p r e s e n t e d  fo r  two se c o n d s ,  
th u s  beg inn ing  a new  s ix - s e c o n d  cy c le .
T he  r e s u l t s  show ed  both  lo u d n e ss  i n c r e a s e s  and d e c r e a s e s ,  
depend ing  upon the s t im u lu s  p a r a m e t e r s .  L o u d n e s s  i n c r e a s e s  w e re  
g e n e r a l ly  o b ta in ed  a t  the  4 0 -dB SL n o ise  le v e l  and  the  2 0 -dB tone  le v e l ,  
e s p e c i a l l y  u n d e r  the  lo u d n e s s - a n d - p i t c h  m a tc h  co n d i t io n  w h e re  lo u d ­
n e s s  i n c r e a s e s  b e tw e e n  6 and  9 dB SL w e re  o b ta in e d  a t  a l l  f r e q u e n c ie s  
and  a t bo th  n o is e  l e v e ls .  L o u d n e ss  d e c r e a s e s  w e r e  g e n e r a l ly  o b ta in ed  
f o r  the 8 0 -dB  to n e s  in  th e  p r e s e n c e  of the  100-dB  n o is e .  T he  ex c e p tio n  
w a s  fo r  th e  5 0 0 -H z tone u n d e r  the  lo u d n e s s - a n d - p i t c h  m a tc h  cond ition  
w h e re  l a r g e  lo u d n e s s  i n c r e a s e s  w e r e  e x p e r i e n c e d  u n d e r  the h igh  tone 
a n d  h igh  n o is e  le v e l  co n d i t io n s .
T he  w i th in - s u b je c t  v a r ia t io n  w as  i n c r e a s e d  r a t h e r  th a n  d e ­
c r e a s e d  w hen  the  b a l a n c e s  w e re  m a d e  fo r  p i tc h  a s  w e l l  a s  lo u d n e ss .  
T h u s  the  w ide  v a r i a b i l i t y  b e tw e e n  s u b je c t s  o b s e r v e d  in  th e  Shap ley  
s tu d y  w a s  no t r e d u c e d  by  ad ju s t in g  fo r  c h a n g e s  in  p i tch .
P r a t h e r ' s  r e s u l t s  a g re e  w ith  th o se  of o th e r  in v e s t ig a t o r s  (7, 
27, 35) in  showing th a t  g r e a t e r  lo u d n e ss  d e c r e a s e s  (o r  s m a l l e r  i n ­
c r e a s e s )  a r e  o b ta in e d  a t  h igh  n o ise  le v e ls .  He fe l t  th a t  th e  l a c k  of
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lo u d n e s s  d e c r e a s e  at low n o is e  l e v e l s  and  the  d e c r e a s e s  of up to  5 dB 
o b ta in e d  a t  h igh  no ise  le v e ls  ad d ed  s u p p o r t  f o r  h is  " im p l ic i t "  a s s u m p ­
tio n  th a t  the  b in a u ra l  a c o u s t ic  r e f l e x  is  the m e c h a n is m  th a t  i s  r e s p o n s ­
ib le  f o r  the  o b s e rv e d  lo u d n e s s  c h a n g e s .  P r a t h e r  e x p la in e d  h is  r e s u l t s  
a s  fo llow s;
A p p a re n t ly  if  the n o is e  i s  of su f f ic ie n t  in te n s i ty  to  a c t iv a te  the  
m id d le  e a r  m u s c le  r e f le x ( e s ) ,  i t  m a y  w e l l  i n t e r a c t  c e n t r a l l y  
w ith  the  p u re  tone s t im u lu s  in  th e  o p p o s ite  e a r  in  su ch  a  w ay  a s  
to i n c r e a s e  the lo u d n e s s  of the  p u re  tone . F u r t h e r ,  if one i s  
w il l in g  to  a c c e p t  the m o d e l  of L oeb  and  R io p e l le  a s  a  r e a s o n ­
ab le  one, a  n o is e  le v e l  of su f f ic ie n t  in t e n s i ty  to  a c t iv a te  the  m i d ­
d le  e a r  m u s c l e s ,  su ch  a s  the  100-dB  SL w hite  n o ise  u s e d  in  
th i s  s tudy , m a y  r e s u l t  in  a  g r e a t e r  b in a u ra l  s u m m a t io n  of 
lo u d n e s s ,  g r e a t e r  in  m a g n itu d e  th a n  the  a t te n u a t io n  r e s u l t in g  
f r o m  m u s c le  c o n t ra c t io n .  T h u s  the o v e r - a l l  n e t  e f fec t ,  upon 
the lo u d n e s s  of a  p u re  tone  w ou ld  be  a  f a c i l i t a t io n  e f fe c t ,  a l ­
though  p e r h a p s  no t a s  g r e a t  a  f a c i l i t a t i o n  as  found in  the  4 0 -dB 
SL n o is e  co n d i t io n s .  T he  4 0 -dB  SL n o is e  cond it io n  i s  one, of 
c o u r s e ,  in  w h ich  e s s e n t i a l l y  no r e f le x  a c t iv a t io n  w ould  be  e x ­
p e c te d  and  h en ce  m ig h t  be o p t im a l  fo r  o b s e rv a t io n  of lo u d n e ss  
f a c i l i t a t io n .  (24, p. 190)
In  a g r e e m e n t  w ith  the  r e s u l t s  of S hap ley  (29) an d  L o eb  and  
R io p e l le  (17) P r a t h e r  found s ig n if ic a n t  in t e r a c t io n s  b e tw e e n  lo u d n e s s  
ch ange  and  th e  f r e q u e n c y  of th e  t e s t  tone . At i n c r e a s in g ly  h ig h e r  f r e ­
q u e n c ie s  g r e a t e r  lo u d n e ss  i n c r e a s e s  and  s m a l l e r  lo u d n e s s  d e c r e a s e s  
w e r e  o b ta ined ,  a l though  th e  m a g n itu d e  of change  b e c a m e  s m a l l e r  a t 
2000 and  3000 Hz.
L o eb  and  R io p e l le  (17) r e p o r t e d  a  s tudy  d e s ig n e d  to  d e t e r m in e  
th e  e f fe c ts  of th e  a c o u s t ic  r e f l e x  on bo th  t h r e s h o l d  s e n s i t i v i ty  and  lo u d ­
n e s s .  In  th e  lo u d n e ss  b a la n c e  e x p e r im e n t s  f ix e d  and v a r i a b le  to n e s  of
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500 Hz w e re  a l t e r n a t e ly  p r e s e n te d  to  the r ig h t  e a r  of 11 s o p h is t ic a te d  
su b je c t s  at l e v e l s  ran g in g  f r o m  70 to  105 dB in  5-dB s te p s .  P r e s e n t e d  
w ith  the  f ixed  o r  s t a n d a r d  to n e ,  bu t o v e r la p p in g  it  s l ig h t ly ,  w as  an 
" a c t iv a t in g "  tone  of 2200 Hz w hich  w as  p r e s e n t e d  a t a le v e l  of 105 dB 
in  the  oppos ite  e a r .  E a c h  o b s e r v e r  w as  a s k e d  to  s ta te  w h e th e r  the 
c o m p a r is o n  to n e  w as  f a in te r  than , lo u d e r  than , o r  equa l in  a p p a re n t  
lo u d n e ss  to the  s ta n d a r d  tone . R e s u l t s  in d ic a te d  tha t the ac t iv a t in g  
tone  had  no m e a s u r a b le  e f fec t  a t le v e ls  of 70 and 75 dB SL s in c e  the  
s ta n d a r d  and c o m p a r i s o n  to n e s  w e re  g e n e ra l ly  r e p o r t e d  as  equa l in  
lo u d n e ss .  H o w e v e r ,  at h ig h e r  le v e ls  of the  ac t iv a t in g  tone  th e r e  w e re  
m o r e  r e p o r t s  th a t  the  c o m p a r i s o n  tone w as  lo u d e r  th a n  the  s ta n d a rd  
tone th a t  w as  p r e s e n t e d  w ith  the  n o is e .  T h is  w ould r e p r e s e n t  a  lo u d ­
n e s s  d e c r e a s e .
In  a n o th e r  e x p e r im e n t  L oeb  and R io p e lle  s e t  the c o m p a r is o n  
to n e  a t te n u a to r  so  th a t  th i s  to n e  w ould  be n o t ic e a b ly  f a in te r  o r  lo u d e r  
th a n  the  s t a n d a r d  tone  w h ich  w as  p a i r e d  w ith  the c o n t r a l a t e r a l  a c t i v a t ­
ing tone . T hen  e a c h  of the  14 s u b je c t s  co n t in u ed  to m ake  lo u d n e ss  
ju d g m e n ts  a s  th e  e x p e r i m e n t e r  v a r i e d  the  c o m p a r is o n  tone to w a rd  and  
beyond  the  "p o in t  of s u b je c t iv e  equa l ity .  " The r e s u l t s  show ed  th a t  a  
r e l a t iv e ly  lo u d e r  c o m p a r i s o n  tone  w as  r e q u i r e d  to m a tc h  the  le v e l  of 
the  s ta n d a rd  tone as  the le v e l  of the  s ta n d a rd  tone w as  in c re a s e d .  The 
le v e l  of the c o n t r a l a t e r a l  ac t iv a t in g  tone  in  th i s  e x p e r im e n t  w as  h e ld  
a t  105-dB SL. The r e s u l t s  of th i s  s e c o n d  s tudy  a r e  in t e r e s t in g  in  th a t
22
only lo u d n e ss  d e c r e a s e s  a r e  r e p o r t e d  in  the  p r e s e n c e  of the  a c t iv a t in g  
tone . Some in d iv id u a l  s u b je c t s  show ed no d e c r e a s e  in the  lo u d n e ss  of 
the  tone ap p e a r in g  w ith  the  a c t iv a t in g  tone u n ti l  h igh  le v e l s  of the  t e s t  
tone (which w as o v e r la p p e d  by the  a c t iv a t in g  tone) w e re  r e a c h e d .  U n­
fo r tu n a te ly ,  on the b a s i s  of w ha t a p p e a r  to  be p r e c o n c e iv e d  id e a s ,  the 
a u th o r s  did not r e p o r t  r e s u l t s  fo r  s t im u lu s  cond itions  w h ich  m ig h t  have  
shown lou d n ess  i n c r e a s e s .  The m e d ia n  lo u d n e ss  d e c r e a s e s  shown 
w e re  7. 2 dB at a  s t a n d a r d  to n e  le v e l  of 100 dB and 8. 0 dB a t a  s ta n d a r d  
tone le v e l  of 105 dB SL.
The above r e s u l t s  w e re  i n t e r p r e t e d  a s  being  su p p o r t iv e  of the 
h y p o th e s is  th a t  the  a c o u s t ic  r e f l e x  a c t s  to a t te n u a te  in te n s e  sounds 
m o r e  than  fa in t  o n es ,  th u s  i t  a c t s  a s  an e n e r g y - l im i t in g  dev ice  r a t h e r  
than  a s  a r e s i s t i v e  a t te n u a to r .  L o eb  and  R io p e l le  s u g g e s te d  a m o d e l  
w h ich  h o ld s  th a t  th e  g r e a t e r  the  e x c u r s io n  of the  o s s i c l e s  the  g r e a t e r  
i s  the  c o u n te ra c t in g  f o r c e .  T h e r e f o r e ,  only the l a rg e  e x c u r s io n s  a r e  
a t te n u a te d  by the  d e c r e a s e d  c o n t r a c te d  m id d le  e a r  m u s c l e s .  H o w e v e r ,  
they  e n t e r t a in  a n o th e r  p o s s ib i l i ty  th a t  s o m e  of the s u b je c t s  m ig h t  h ave  
had  v o lu n ta ry  c o n t ro l  o v e r  th e i r  m id d le  e a r  m u s c l e s  an d  thus  they  m a y  
have  " u n in te n tio n a lly  in h ib i te d  the  r e f l e x  to  l i s t e n  to  the  s o f te r  to n e s "  
(17, p. 609).
V ig ran  (35) r e p o r t e d  a s tu d y  c o n c e rn in g  p u re  tone  lo u d n e ss  
ch an g e s  p ro d u c e d  by c o n t r a l a t e r a l  n o is e  w h ich  w as  d e s ig n e d  a s  a  p o s ­
s ib le  a l te rn a t iv e  a p p ro a c h  fo r  m e a s u r i n g  the e f fec t  of the  a c o u s t ic
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re f le x .  T h re e  s e p a r a t e  e x p e r im e n t s  w e re  r e p o r t e d  w h ich  w e r e  s i m i ­
l a r  ex ce p t  th a t  the v a r ia b le  p a r a m e t e r  d i f f e re d  in each .  In the f i r s t  
e x p e r im e n t  the le v e l  of the  tone w as  f ixed  at 80 dB S P L , and th a t  of the 
n o ise  a t  100 dB SP L . The f re q u e n c y  of the tone  w as  v a r i e d  be tw een  
300 and  1500 Hz. In the s e c o n d  e x p e r im e n t  the  le v e l  of the  tone  w as  
ag a in  f ix ed  at 80 dB but the  f r e q u e n c y  w as  h e ld  c o n s ta n t  a t 1100 Hz.
The n o is e  lev e l  w as  v a r i e d  be tw een  75 and  105 dB S P L , In the  th i rd  
e x p e r im e n t  the f re q u e n c y  w a s  h e ld  c o n s ta n t  a t 1100 H z, the  n o ise  le v e l  
w as  m a in ta in e d  at 100 dB S P L ,  and the  le v e l  of the  tone  w as  v a r i e d  b e ­
tw een  75 and 105 dB S PL . The c o n t r a l a t e r a l  n o is e  s t im u lu s  w as  a 
1 / 3 -o c ta v e  band  of t h e r m a l  n o is e  c e n t e r e d  a t 2500 H z, c h o se n  b e c a u s e  
i t  w ould  e l i c i t  the  a c o u s t ic  r e f l e x  a t  h igh  le v e ls  w ithou t o v e r la p p in g  
and  p o s s ib ly  m a sk in g  the  t e s t  to n e s .  A s t a n d a r d  tone of o n e - s e c o n d  
d u ra t io n  w as  p r e s e n te d  one -h a l f  sec o n d  b e f o r e  th e  c o m p a r i s o n  to n e -  
w i th -n o i s e  c o m b in a t io n  w h ich  w a s  a lso  on fo r  one seco n d . A r e s t  
p e r io d  of two and  o n e -h a l f  s eco n d s  p r e c e d e d  the n ex t  cy c le .
In  the  f i r s t  e x p e r im e n t  16 n o r  m a l - h e a r in g  s u b je c t s  m a tc h e d  
the  lo u d n e ss  of the c o m p a r i s o n  to n e -w i th - n o is e  w ith  the  s ta n d a r d  tone  
in  qu ie t .  The r e s u l t s  show ed th a t  a s  the  f re q u e n c y  of the  to n e s  w as  
in c r e a s e d  th e r e  w as  a  c o r r e s p o n d in g  lo u d n e s s  i n c r e a s e  in  th e  to n e -  
w i th -n o i s e ,  ra n g in g  f ro m  about 1 dB a t 250 and  500 Hz to  a  m a x im u m  
of about 7. 5 dB at 1000 to  1500 Hz. T h is  g r e a t e r  lo u d n e s s  i n c r e a s e  as  
the tone a p p ro a c h e d  the f r e q u e n c y  of th e  n o is e  b and  w as  a t t r ib u te d  to
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b in a u ra l  s u m m a t io n  w h ich  c a n c e ls  out the lo u d n e ss  r e d u c t io n  c a u s e d  by 
the  r e f l e x  ac tion .
The r e s u l t s  of the  se c o n d  e x p e r im e n t  show ed a  g r a d u a l  i n ­
c r e a s e  in  the  r e l a t i v e  lo u d n e s s  of the  8 0 -d B , 1100-H z tone  a s  i t  i s  
p a i r e d  w ith  p r o g r e s s i v e l y  h ig h e r  le v e ls  of c o n t r a l a t e r a l  n o is e .  A 
m a x im u m  i n c r e a s e  of 7. 0 dB w as  o b ta in ed  w ith  n o ise  l e v e l s  of 100 and  
105 dB SP L .
The th i r d  e x p e r im e n t  y ie ld e d  r e s u l t s  w h ich  s u g g e s t  th a t  the 
l a r g e s t  lo u d n e s s  i n c r e a s e  o c c u r s  a t tone  le v e l s  w hich  a p p ro x im a te  th e  
s p e c t r u m  le v e l  of the  n o is e .  M a x im u m  lo u d n e s s  i n c r e a s e s  of about 
7. 5 dB w e r e  o b ta in ed  in  the  p r e s e n c e  of th e  100-dB S P L  n a r r o w - b a n d ,  
c o n t r a l a t e r a l  n o is e  a t  tone  le v e l s  of 70 and 80 dB S P L  (the s p e c t r u m  
le v e l  of the  n o is e  w a s  78 dB). T h e re  w as  l i t t l e  d i f f e r e n c e  in  lo u d n e s s  
i n c r e a s e  a t  th e s e  tw o tone  l e v e l s ,  b u t  s m a l l e r  lo u d n e s s  i n c r e a s e s  w e r e  
show n a t  the  6 0 -dB to n e  le v e l .
V ig ra n  a t t r ib u t e d  h i s  o b s e r v e d  lo u d n e s s  i n c r e a s e s  to  " s o m e  
s o r t  of c e n t r a l  i n t e r a c t io n "  r a t h e r  th a n  to  th e  a c o u s t ic  r e f l e x  a l though  
th e  r e f l e x  cou ld  no t be  r u l e d  out a l to g e th e r .  He a l s o  c o n c lu d ed  th a t  
the  lo u d n e ss  b a la n c e  p r o c e d u r e  w ith  c o n t r a l a t e r a l  n o is e  w a s  n o t  an  e f ­
fe c t iv e  m e th o d  fo r  s tudy ing  the  e f fe c ts  of the  a c o u s t ic  re f le x .
V ig r a n 's  r e s u l t s  a r e  a t  odds w ith  th o se  of S hap ley  (29) and 
P r a t h e r  (22) who bo th  found  lo u d n e ss  d e c r e a s e s ,  e s p e c i a l l y  fo r  low - 
f r e q u e n c y  to n e s  of h ig h  in te n s i ty ,  w hen a  tone w as  h e a r d  in  the  p re s e n c e
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of a  h ig h - l e v e l  c o n t r a l a t e r a l  n o is e .  H o w e v e r ,  the d i s a g r e e m e n t  b e ­
tw e e n  s tu d ie s  m a y  be m o r e  a p p a re n t  th a n  r e a l .  In a ll  t h r e e  s tu d ie s  
(22, 29, 35) th e r e  is  a g r e e m e n t  th a t  s m a l l e r  lo u d n e ss  i n c r e a s e s  o r  
g r e a t e r  d e c r e a s e s  a r e  o b ta in ed  (1) a t lo w e r  f r e q u e n c ie s ,  and (2) a t  
h ig h  n o is e  le v e l s  and h igh  tone  le v e l s .  G r e a t e r  lo u d n e ss  i n c r e a s e s  a r e  
o b ta in e d  a l s o  w hen  the  n o ise  l e v e l  is  f r o m  25 to  45 dB above th e  tone  
le v e l .
R ow ley  (27) u s e d  the  n u m e r i c a l  m a g n itu d e  b a la n c e  m e th o d  of 
H e i lm a n  and Z w is lo c k i  (10) to  o b ta in  lo u d n e s s - in t e n s i ty  fu n c t io n s  fo r  a  
1000-H z tone . He u s e d  te n  t r a in e d ,  n o r m a l - h e a r i n g  s u b je c t s  w ho 
m a d e  lo u d n e ss  ju d g m e n ts  bo th  in  q u ie t  and  in  the  p r e s e n c e  of fo u r  d i f ­
f e r e n t  s e n s a t io n  le v e l s  of c o n t r a l a t e r a l l y - p r e s e n t e d  t h e r m a l  n o is e .
T he  12 f ixed  to n e  le v e l s  u s e d  c o v e r e d  a  r a n g e  of f r o m  8 to 
100 dB SL in  s te p s  ra n g in g  f r o m  4 to  10 dB. The r a n g e  of th e  12 tone  
l e v e l s  v a r i e d  s o m e w h a t  w ith  e a c h  n o is e  le v e l  to  a llow  fo r  the  m a sk in g  
e f fe c t s  of h ig h - l e v e l  n o is e  on lo w - le v e l  to n e s .  The b r o a d - b a n d  n o is e  
l e v e l s  w e r e  40, 60, 80, and  100 dB SL.
R o w le y 's  m o n a u ra l  lo u d n e s s  in t e n s i ty  fu n c tio n  o b ta in e d  in  
q u ie t  a g r e e d  in  shape  and  s lo p e  w ith  th o s e  o b ta in e d  by p r e v io u s  i n ­
v e s t i g a t o r s  (10, 26) who u s e d  the  s a m e  p s y c h o p h y s ic a l  p r o c e d u r e .  H is  
r e s u l t s  show ing the  e f f e c t s  of d i f f e r e n t  l e v e l s  of c o n t r a l a t e r a l  n o is e  on 
the  b a s ic  l o u d n e s s - in t e n s i ty  fu n c tio n  w e r e  a l so  in  g e n e r a l  a g r e e m e n t  
w i th  th o s e  o b ta in ed  by F r a l h e r  (24) and  V ig ra n  (35) fo r  p u re  to n e s ,  and
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by E g a n  (7) fo r  sp eech ,  d e s p i te  th e  v e ry  d i f f e re n t  p s y c h o p h y s ic a l  p r o ­
c e d u r e s  u s e d  in  th e s e  s tu d ie s .  Row ley found th a t  the  r a t e  of lo u d n e ss  
l e v e l s  i s  i n c r e a s e d  by the  p r e s e n c e  of the c o n t r a l a t e r a l  n o is e .  He 
f u r t h e r  r e p o r t e d  th a t  the r a t i o  of i n c r e a s e  in the  lo u d n e ss  of the  p u re  
tone p ro d u c e d  by the c o n t r a l a t e r a l  n o ise  o v e r  th e  lo u d n e ss  of the tone 
in  q u ie t  g ro w s  w ith  in c r e a s in g  le v e l s  of n o ise  f r o m  about 1. 5 w ith  40 
dB SL of n o is e  to abou t 2, 6 w ith  100 dB SL of n o is e .  R ow ley a lso  
found th a t  a s  the  tone le v e l  is  i n c r e a s e d  to w a rd  a  g iv en  n o ise  le v e l  the 
r e l a t iv e ly  g r e a t e r  lo u d n e s s  of the  tone w ith  c o n t r a l a t e r a l  n o ise  i s  i n ­
c r e a s e d  up to  a  p iv o ta l  in te n s i ty  po in t ,  above w h ich  s m a l l e r  lo u d n e ss  
i n c r e a s e s  a r e  no ted . R ow ley  s t a t e s  th a t  the  " k n e e "  o r  p iv o ta l  po in t of 
the  lo u d n e s s  fu n c t io n  c u rv e  u s u a l ly  o c c u r s  w h e re  the  p u r e - to n e  le v e l  i s  
a p p ro x im a te ly  eq u a l  to  th e  s p e c t r u m  le v e l  of the  n o is e .  F o r  ex a m p le ,  
R o w le y 's  d a ta  show  a  m a x im u m  lo u d n e ss  i n c r e a s e  of about 12 to  13 dB 
o b ta in e d  u n d e r  the  to n e -w i th -n o is e  cond ition  a t  a  tone le v e l  of abou t 56 
dB an d  a  n o is e  le v e l  of 100 dB SL. R ow ley p o in ts  out th a t  u n d e r  th is  
co n d it io n ,  and u n d e r  the  60-dB  and 80-dB  n o is e  cond itions  a s  w e ll ,  the 
p o in t  of m a x im u m  lo u d n e ss  i n c r e a s e  o c c u r r e d  w hen  the  tone le v e l  a p ­
p r o x im a te d  th e  s p e c t r u m  le v e l  of the  c o n t r a l a t e r a l  n o ise .
T h is  tone le v e l  to  n o is e  s p e c t r u m  le v e l  r e la t io n s h ip  can  a lso  
be s e e n  in  V ig r a n 's  (35) r e s u l t s  a lthough  he  u s e d  a  1 / 3 -o c ta v e  n o ise  
w ith  a  c e n t e r  f r e q u e n c y  w e ll  above th a t  of any of the  t e s t - to n e  f r e q u e n ­
c ie s  u sed .  The s p e c t r u m  le v e l  of V ig ra n 's  r e m o te  " a r o u s a l "  n o is e .
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w hen  d e l iv e r e d  at a le v e l  of 105 dB S P L , w as  a p p ro x im a te ly  78 dB.
T h is  i s  v e ry  c lo se  to the 80-dB  S P L  tone  le v e l  at w hich  the m a x im u m  
m e a n  lo u d n e ss  in c r e a s e  of 7, 5 dB w as  r e a c h e d .
A c o m p a ra b le  p h en o m en o n  can  be s e e n  in E g a n 's  (7) r e s u l t s ,  
a lthough  they  canno t be c o m p a r e d  d i r e c t ly  b e c a u se  s p e e c h  w as u s e d  as  
a  s t im u lu s .  N e v e r th e le s s ,  E g a n 's  g r e a t e s t  i n c r e a s e  in  the lo u d n e ss  of 
the  sp e e c h  s t im u lu s  w hen p r e s e n t e d  w ith  80 dB SL of c o n t r a l a t e r a l  
n o is e ,  o c c u r r e d  w hen the s e n s a t io n  le v e l  of the  sp eech  w as  about 42 
dB. The m a g n itu d e  of the  i n c r e a s e  w as  about 7. 0 dB a c c o rd in g  to  i n ­
te rp o la t io n  f r o m  E g a n 's  c u r v e s .  The m a x im u m  i n c r e a s e  in  the  lo u d ­
n e s s  of s p e e c h  o b ta in ed  in  the  p r e s e n c e  of a  g iven  le v e l  of c o n t r a l a t e r a l  
n o is e  o c c u r s  o v e r  a  f a i r l y  w ide r a n g e  of s p e e c h  le v e ls .  A s i m i l a r  r e ­
la t io n s h ip  w as  o b ta in ed  a t  o th e r  n o is e  le v e l s .  T h u s ,  i t  a p p e a r s  th a t  
th i s  r e la t io n s h ip  b e tw e e n  s p e e c h  l e v e l  and n o ise  s p e c t r u m  le v e l  i s  s im i­
l a r  to  th a t  o b s e r v e d  by R ow ley  f o r  p u r e  to n e s .
R o w le y 's  r e s u l t s  a l so  a g r e e  w ith  th o se  of E g an  in  show ing very  
l i t t l e  in c r e a s e  in  the  lo u d n e s s  of t e s t  s t im u l i  th a t  a r e  p a i r e d  w ith  c o n ­
t r a l a t e r a l  n o is e s  a s  low a s  40 dB SL, r e g a r d l e s s  of the  le v e l  of th o se  
t e s t  s t im u li .  R ow ley  p o in te d  out th a t  the  s p e c t r u m  le v e l  of the  4 0 -dB 
n o is e  is  a p p ro x im a te ly  a t  t h r e s h o l d  w h ich  m a y  p re v e n t  c o m p le te  s u m ­
m a t io n  u n d e r  th i s  cond ition .
W ith  h ig h e r  l e v e l s  of c o n t r a l a t e r a l  n o is e ,  h o w ev e r ,  R ow ley  
found lo u d n e ss  d e c r e a s e s  a s  the  tone le v e l  a p p ro a c h e d  th re s h o ld .
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In te rp o la t in g  f r o m  R o w le y 's  lo u d n e ss  func tion  c u rv e  o b ta in ed  at the 
100-dB SL n o is e  le v e l ,  i t  w ould  a p p e a r  th a t  the  m a g n itu d e  of th is  lo u d ­
n e s s  d e c r e a s e  r e a c h e s  abou t 14 dB fo r  tone le v e l s  as  low a s  20 dB 
SL.
R ow ley  p o s tu la te s  the fo llow ing m e c h a n i s m s  fo r  h is  r e s u l t s ;
T he  fo r m  of the  lo u d n e s s  func tion  a t  low  p u r e - to n e  le v e l s  is  
d e t e r m in e d  by t r  an s  c r a n i a l  cond u c t io n  of the  n o is e  to  the  t e s t  
e a r  p ro d u c in g  i p s i l a t e r a l  m a sk in g  o r a t  lo w e r  n o is e  le v e ls  by 
a  ' c e n t r a l  m a s k in g '  e ffec t .  T he  n o is e  th u s  p ro d u c e s  an e l e ­
v a t io n  in  the  th r e s h o ld  and a  d e c r e a s e  in  the  lo u d n e ss  of the 
low  le v e l  p u r e - to n e  s t im u lu s .  The lo u d n e ss  of the  h ig h e r  le v e l  
p u r e - to n e  s t im u lu s  i s  no t r e d u c e d  p ro d u c in g  the  r e c r u i t m e n t - 
l ik e  ph en o m en o n  long o b s e r v e d  in  n o is e  m a s k e d  e a r s .
R ow ley  f u r th e r  p o s tu la te s  th a t  a s u m m a tio n  e f fec t ,  l ik e  th a t  
a s s o c ia t e d  w ith  b in a u ra l  s t im u la t io n  w ith  s i m i l a r  s t im u l i ,  i s  r e s p o n ­
s ib le  fo r  the lo u d n e ss  i n c r e a s e s  a t  h ig h e r  tone and  n o is e  le v e l s .  H ow ­
e v e r ,  he s t a t e s  th a t  " th e  r e d u c e d  r a t e  of lo u d n e s s  g ro w th  above the  
knee i s  no t a  r e s u l t  of the  a c o u s t ic  r e f l e x  bu t  r a t h e r  o c c u r s  b e c a u se  
the  o p t im a l  in t e n s i ty  r e la t io n s h ip  n e c e s s a r y  to  ach iev e  m a x im u m  s u m ­
m a tio n  i s  no t m a in ta in e d  a s  the  p u r e - to n e  le v e l  i s  i n c r e a s e d  above the 
s p e c t r u m  le v e l  of the n o is e .  "
A n u m b e r  of s tu d ie s  h ave  b e e n  r e v ie w e d  in  th i s  c h a p te r  w h ich  
have  show n c h an g e s  in  the  p e r c e iv e d  lo u d n e ss  of a  sound  p ro d u c e d  in  
the  p r e s e n c e  of d i s s i m i l a r  c o n t r a l a t e r a l  s t im u l i .  D i f f e re n c e s  in  the 
m a g n itu d e  and d i r e c t io n  of th e s e  lo u d n e ss  c h a n g e s  o b s e r v e d  by the 
v a r io u s  i n v e s t ig a to r s  a p p e a r  to  be r e l a t e d  to a  n u m b e r  of s t im u lu s
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co n d i t io n s  such  a s  (1) the  f re q u e n c y  of the t e s t  tone s t im u lu s  (2) the 
bandw id th  and  c e n t e r  f r e q u e n c y  of the  c o n t r a l a t e r a l  s t im u lu s  and  th e i r  
f r e q u e n c y  r e l a t io n  to  the t e s t  to n e s  (3) the  le v e l  of the c o n t r a l a t e r a l  
s t im u lu s  (4) the  le v e l  of the t e s t  s t im u lu s  and (5) the r e la t io n s h ip  b e ­
tw e e n  the  l e v e l s  of th e  c o n t r a l a t e r a l  s t im u lu s  (noise) and the  t e s t  
s t im u lu s .  O th e r  d i f f e r e n c e s  in  r e s u l t s  have  b e e n  found depend ing  upon 
w h e th e r  o r  no t  s u b je c t s  h av e  b e e n  a s k e d  to  c o n s id e r  in  t h e i r  ju d g m e n ts  
the  c h a n g e s  in  th e  p i tc h  and q u a l i ty  of t e s t  to n e s  th a t  a p p e a r  s u b j e c ­
t iv e ly  in  the  p r e s e n c e  of c o n t r a l a t e r a l  n o is e  (24, 29). S til l  o th e r  v a r i a ­
t io n s  in  lo u d n e ss  change  s e e m  to  a r i s e  f r o m  p r o c e d u r a l  d i f f e r e n c e s  
s u ch  a s  th e  o r d e r  of p r e s e n ta t i o n  of the  s t im u l i  (7).
C H A P T E R  III 
INSTRUIVIENTATION AND P R O C E D U R E  
In tro d u c t io n
In  the s tu d ie s  r e v ie w e d  in  th e  p r e v io u s  c h a p te r s  a  n u m b e r  of 
r e l a t io n s h ip s  w e r e  shown to  e x i s t  w ith  r e s p e c t  to  c h a n g e s  in  the  lo u d ­
n e s s  of a  tone  in  one e a r  w hen  i t  w a s  p a i r e d  w ith  a c o n t r a l a t e r a l  n o is e .  
The lo u d n e s s  i n c r e a s e  p ro d u c e d  in  the  t e s t  tone  w as  show n to be  of 
g r e a t e r  r e l a t i v e  m a g n itu d e  a s  the  n o is e  le v e l  w a s  i n c r e a s e d  above the  
tone  le v e l  u n ti l  a  n o is e  le v e l  w a s  r e a c h e d  a t  w h ich  e i th e r  (a) th e  a c o u s ­
t ic  r e f l e x  w a s  e l i c i t e d  (24, 29, 35) o r  (b) c o n t r a l a t e r a l  m a sk in g  o c ­
c u r r e d  due to  th e  t r a n s c r a n i a l  co n d u c tio n  of the  n o is e  to  the  t e s t  e a r  
(27). E i t h e r  of th e s e  co n d i t io n s  w il l  r e s u l t  in  a  d e c r e a s e  (o r  a  r e d u c ­
t ion  of the  i n c r e a s e )  of the r e l a t iv e  lo u d n e s s  of the  tone  sou n d ed  w ith  
the  c o n t r a l a t e r a l  n o ise .
C o n v e r s e ly ,  as  the  tone  le v e l  i s  i n c r e a s e d  w ith  r e s p e c t  to  a 
c o n s ta n t  c o n t r a l a t e r a l  n o is e  le v e l  th e  r e l a t i v e  lo u d n e ss  of the  tone  i n ­
c r e a s e s  u n t i l  a  c e r t a in  le v e l  i s  r e a c h e d .  A bove th i s  tone le v e l  the 
lo u d n e s s  i n c r e a s e  p ro d u c e d  in  the  tone  by the  c o n t r a l a t e r a l  n o is e  b e ­
c o m e s  s m a l l e r  u n t i l  f in a l ly ,  a t h igh  r e l a t i v e  tone  l e v e l s  no lo u d n e ss
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i n c r e a s e  is  o b s e rv e d .
R ow ley  (27) o b s e rv e d  th a t  th e  m a x im u m  s u m m a tio n  o r  lo u d ­
n e s s  i n c r e a s e  in  the  p r e s e n c e  of a  c o n t r a l a t e r a l  b ro a d -b a n d  th e r m a l  
n o is e  o c c u r s  in  the in te n s i ty  re g io n  w h e re  the le v e l  of the tone a p p ro x i­
m a te s  the  s p e c t r u m  le v e l  of the n o is e .  In s p e c t io n  of V ig ra n 's  d a ta  
(35) a l s o  show s m a x im u m  lo u d n e ss  i n c r e a s e s  o c c u r r in g  a t  tone le v e ls  
w h ich  a p p ro x im a te  the  s p e c t r u m  le v e l  of the  n o ise .  H o w ev er ,  V ig ra n  
no t only u s e d  a d i f f e re n t  p s y c h o p h y s ic a l  p r o c e d u r e  bu t the  f re q u e n c y  of 
h is  n a r r o w - b a n d  n o is e  w a s  c e n t e r e d  n e a r ly  one oc tave  above the  f r e ­
quency  of th e  h ig h e s t  tone  u se d ,  w h ich  r a i s e s  q u e s t io n s  c o n c e rn in g  the 
f re q u e n c y  r e l a t io n s h ip s  b e tw e e n  tone  and  no ise  n e c e s s a r y  to p ro d u c e  
su ch  lo u d n e s s  i n c r e a s e s .
I t  s e e m e d  d e s i r a b l e  to  in v e s t ig a te  f u r th e r  the f r e q u e n c y  and 
in te n s i ty  d e p en d e n ce  of the  lo u d n e ss  ch an g e s  p ro d u c e d  by a  c o n t r a l a t ­
e r a l  n o is e .  T h e r e f o r e ,  a  s tudy  w a s  d e s ig n e d  to  d e t e r m in e  the  am o u n t 
of r e l a t i v e  lo u d n e s s  ch ange  th a t  o c c u r s  d u r in g  m o n a u ra l  lo u d n e ss  b a l ­
a n c e s  of s u c c e s s iv e l y - p r e s e n te d ,  id e n t ic a l  t e s t  to n e s  w hen d if f e re n t  
ban d w id th s  and  le v e ls  of t h e r m a l  n o is e  a r e  p r e s e n te d  in  the  c o n t r a l a t ­
e r a l  e a r  along w ith  one of the  to n e s .
A  s e c o n d  s tudy  w a s  c a r r i e d  out w hich  d i f f e r e d  f r o m  th e  f i r s t  
only in  the  e x p e r ie n c e ,  t r a in in g ,  and in s t ru c t io n  of the  s u b je c t s .  I t  
w a s  n e c e s s i t a t e d  by  the  w ide  in t e r s u b je c t  v a r ia b i l i ty  found in  th e  f i r s t  
study , p r e s u m a b l y  as  a  func tion  of the  d if fe re n t  l i s te n in g  c r i t e r i a  u s e d
3?.
by the  su b je c ts .
In the f i r s t  s tudy  m o n a u ra l  lo u d n e ss  b a la n c e  ju d g m e n ts  w e re  
o b ta ined  f r o m  fou r  n o r m a l - h e a r in g ,  s o p h is t ic a te d  adu lt l i s t e n e r s  u n ­
d e r  36 co m b in a t io n s  of fou r  s t im u lu s  p a r a m e t e r s  and two p r o c e d u r a l  
v a r ia b le s .  T h e s e  a r e  show n in  F ig u r e  1 and  can  be  s u m m a r iz e d  as  
fo llow s: (at two n o ise  c o n d it io n s ;  b ro a d -b a n d  and n a r r o w - b a n d  (b) two 
n o ise  le v e ls ;  75 and 95 dB S P L  (c) to n e s  of t h r e e  f r e q u e n c ie s ;  500, 1000, 
and 2000 Hz and  (d) th r e e  t e s t  tone l e v e l s ,  w h ich  v a r i e d  a c c o rd in g  to  
the  n o is e  le v e ls  an d  n o ise  bandw id ths  w ith  w hich  they  w e re  p a i re d .
F o r  e x a m p le ,  i t  c a n  be s e e n  in  F ig u r e  1 th a t  u n d e r  the b ro a d -b a n d  
n o is e  cond ition  tone  le v e ls  of 30, 40 , and  50 dB S P L  a r e  p a i r e d  w ith  
the o v e r a l l  n o i s e  le v e l  of 75 dB S P L . Tone le v e l s  of 50, 60, and  70 
dB S P L  a r e  p a i r e d  w ith  the  9 5-dB  S P L  n o ise  le v e l .  The tone le v e l s  
w e r e  s e le c te d  so  th a t  the  m id d le  v a lu e  a p p ro x im a te d  the  s p e c t r u m  
le v e l  of the  c o n t r a l a t e r a l  n o is e .  R o w le y 's  (27) and V ig r a n 's  (35) d a ta  
s u g g e s t  th a t  th is  in t e n s i ty  r e la t io n s h ip  shou ld  p ro d u c e  r e l a t iv e ly  l a r g e  
e f fe c ts .
T he  tone le v e l s  u s e d  to  o b ta in  b a la n c e s  u n d e r  the n a r r o w - b a n d  
n o ise  cond ition  w e r e  a l l  10 dB h ig h e r  w hen  p a i r e d  w ith  a  g iv e n  n o is e  
le v e l  than  th o se  shown u n d e r  the  b ro a d - b a n d  n o is e  cond ition  b e c a u s e  
the  s p e c t r u m  le v e l  of th e  n a r r o w - b a n d  n o is e  w as  a p p ro x im a te ly  10 dB 
h ig h e r  a t  g iv en  o v e r a l l  le v e l s  than  th a t  of the  b ro a d -b a n d  n o ise .  T he  
tone  le v e ls  o v e r la p p e d  in  the  two n o is e  co n d it io n s  p e r m i t t in g  d i r e c t
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F i g u r e  1 - O r d e r  of p r e s e n t a t i o n  of v a r i a b l e  c o m b in a t io n s  an d  c o n d i t io n s ,  
in  dB S P L  an d  a l l  f r e q u e n c i e s  a r e  in  Hz.
A ll l e v e l s  a r e
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c o m p a r i s o n  b e tw e e n  the  n o is e  co n d i t io n s  a t  two out of the th r e e  tone  
l e v e l s  u sed .
T he f re q u e n c y  p a r a m e t e r s  s e l e c te d  fo r  th is  s tu d y  w e r e  c h o s e n  
in  o r d e r  to  o b ta in  ev id en ce  c o n c e rn in g  the  e f fe c t  of the  a c o u s t ic  r e f l e x  
on the  a p p a re n t  lo u d n e ss  s u m m a t io n .  It h a s  b e e n  d e m o n s t r a t e d  p r e v i ­
o u s ly  (18, 19, 32, 38, 39) th a t  the  a c o u s t ic  r e f l e x  i s  e f fe c t iv e  a t 500 
Hz bu t h a s  no a p p re c ia b le  a t te n u a t in g  e f fe c t  a t  2000 Hz. A n o th e r  c o n ­
s id e r a t io n  w a s  th a t  no d a ta  w e re  a v a i la b le  c o n c e rn in g  how m u c h  lo u d ­
n e s s  i n c r e a s e  one can  e x p e c t  a s  a  r e s u l t  of c o n t r a l a t e r a l  n o is e  s t im u la ­
t io n  w hen  the  t e s t  tone  i s  h ig h e r  in  f r e q u e n c y  th a n  the  u p p e r  f r e q u e n c y  
of th e  n o is e  band.
T he  two n o is e  l e v e l s  of 75 and 95 dB S P L  w e re  s e le c te d  in  
o r d e r  to  d e t e r m in e  i f  th is  v a r i a b l e  w ou ld  h a v e  any d i f f e r e n t ia l  e f f e c t  on 
lo u d n e s s  i n c r e a s e .  One of th e s e  n o is e  le v e l s  i s  above the a v e ra g e  
n o r m a l  t h r e s h o l d  fo r  the a c o u s t i c  r e f l e x  w h ile  the  o th e r  i s  be lo w  th i s  
th r e s h o ld .
T he  tw o n o is e  co n d i t io n s  w e r e  b ro a d - b a n d  and  n a r r o w - b a n d .  
T he  b r o a d - b a n d  th e r m a l  n o is e  w a s  l im i t e d  in  s p e c t r u m  w id th  to  abou t 
7000 H z, m a in ly  by the  f r e q u e n c y  r e s p o n s e  of the e a rp h o n e .  T he  
n a r r o w - b a n d  n o ise  h a d  a  n o m in a l  b a n d  w id th  of 707 Hz (3 dB down) and 
w a s  c e n t e r e d  a t 1000 Hz.
Two p r o c e d u r a l  v a r i a b l e s  w e r e  a l s o  in v e s t ig a te d .  T he  f i r s t  
w a s  to  h ave  e a c h  s u b je c t  v a r y  bo th  the  tone  a lone  and the  tone  p re s e n te d
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w ith  the  n o is e  u n d e r  e a c h  c o m b in a t io n  of the  above p h y s ic a l  p a r a m e t e r s  
in  o r d e r  to d e t e r m in e  if  th i s  v a r ia b le  w ould  h av e  a  s ig n if ic a n t  e f fec t  on 
the a p p a re n t  lo u d n e s s  change .  I t  w as  o b s e r v e d  th a t  in  s o m e  s tu d ie s  
(24, 29) the tone a p p e a r in g  a lone had  b een  v a r i e d  by the  s u b je c t  w hile  
in  an o th e r  s tu d y  (35) the  tone  a p p e a r in g  w ith  the n o is e  had  b e e n  the 
v a r ia b le  tone .
The s e c o n d  p r o c e d u r a l  v a r ia b le  in v e s t ig a te d  w as  the  d i r e c ­
t io n  of the  in i t i a l  a p p ro a c h  to  the  b a la n c e d  cond ition .  It h a d  b e e n  o b ­
s e r v e d  d u r in g  the  p i lo t  s tudy p re c e d in g  th is  in v e s t ig a t io n  th a t  u n d e r  
so m e  n o is e  co n d it io n s  c o n s id e ra b le  d i f f e r e n c e s  m a y  be  s e e n  b e tw ee n  
b a la n c e s  th a t  a r e  in i t i a l ly  a p p ro a c h e d  f r o m  be low , (i. e. , th e  u p -d o w n - 
up, e tc .  , d i re c t io n )  and  lo u d n e ss  b a la n c e s  th a t  a r e  a p p ro a c h e d  i n i t i a l ­
ly  f r o m  above ( i . e .  , th e  down - up -  dow n, e tc .  , d i r e c t io n ) .  A ll s u b je c t s  
w e r e  a sk e d ,  t h e r e f o r e ,  to a l t e r n a t e ly  a p p ro a c h  the  b a la n c e d  cond it ion  
f r o m  above and  f r o m  be lo w  fo r  e a c h  m e a s u r e .  T h a t  i s ,  they  w ould  
b eg in  w ith  th e  c o m p a r i s o n  tone s e t  lo u d e r  th a n  the  s t a n d a r d  to n e  on the  
f i r s t  m a tc h ,  a d ju s t  the  a t t e n u a to r  u n t i l  i t  w as  s o f t e r  th a n  the  s ta n d a r d  
tone , r e v e r s e  d i r e c t io n  u n ti l  i t  w a s  ag a in  lo u d e r  th a n  the  s ta n d a r d  
to n e ,  e tc .  , u n t i l  a  lo u d n e s s  b a la n c e  w as  r e a c h e d .  T hen  the  e x p e r i ­
m e n te r  s e le c te d  a  new  r e f e r e n c e  po in t by  changing  the  le v e l  of h is  
s e r i e s - c o n n e c t e d  a t te n u a to r  and a s k e d  the  s u b je c t  to  b a la n c e  the  lo u d ­
n e s s  of the two to n e s  s t a r t i n g  w ith  the  v a r i a b le  tone  le v e l  be lo w  the 
le v e l  of the  s t a n d a r d  tone .
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I t  shou ld  be r e m e m b e r e d  th a t  the t e r m  s ta n d a rd  tone w ill a l ­
w ay s  r e f e r  to  the  tone w h ich  is  h e ld  at a g iv en  le v e l  d u r in g  a  b a lan ce  
a s  d e t e r m in e d  by the e x a m in e r .  The t e r m  c o m p a r i s o n  tone w il l  a lw ays  
r e f e r  to  th e  tone  w h ich  i s  m a n ip u la te d  in  le v e l  by the  su b jec t .  The 
c o m p a r i s o n  tone m a y  be e i th e r  the  tone h e a r d  a lone (TA) o r  the tone 
h e a r d  w ith  the  n o ise  (TWN) w hich  i s  a l s o  t r u e  fo r  the  s t a n d a r d  tone.
T he  o r d e r  of a p p e a ra n c e  and th e  co in c id en t  a p p e a ra n c e  of the f a c to r s  
w a s  a p p ro x im a te ly  b a la n c e d  as  w il l  be shown in d e ta i l  in  a  su b se q u e n t  
s e c t io n .
A m o r e  d e ta i le d  d e s c r ip t io n  of th e  s u b je c t s ,  a p p a ra tu s ,  and 
e x p e r i m e n t a l  p r o c e d u r e s  is  p r e s e n te d  in  the  following s e c t io n s .
Sub jec ts
In  th e  f i r s t  s tu d y  d a ta  w e r e  c o l le c te d  f r o m  fo u r  t r a in e d ,  n o r ­
m a l - h e a r i n g  m a le  s u b je c t s ,  e a c h  of w hom  w a s  a  g r a d u a te  s tu d en t o r  
e m p lo y e e  a t  th e  U n iv e r s i ty  of O k lahom a M ed ica l  C e n te r .  No s u b je c t  
w a s  in c lu d e d  in  the  e x p e r im e n t  who h a d  a  h i s to r y  of e a r  pa tho logy  o r  
w h o se  h e a r in g  th r e s h o l d s  in  e i th e r  e a r  e x c e e d e d  a  le v e l  of 15 dB ( re .  
196 4 -1 5 0  S tanda rd )  a t  any  f re q u e n c y  b e tw e e n  500 and  6000 Hz in c lu s iv e  
a s  d e t e r m i n e d  by an a u d io m e te r  t h r e s h o ld  te s t .
In  the  s e c o n d  s tudy  the  d a ta  w e r e  c o l le c te d  f r o m  fo u r  adult 
s u b je c t s  w ho h a d  no p r e v io u s  e x p e r i e n c e  in  p s y c h o p h y s ic a l  s tu d ie s .
Tw o s u b je c t s  w e re  m a le  and  two w e re  f e m a le .  E x c e p t  f o r  p re v io u s
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e x p e r ie n c e  and t r a in in g  a l l  of th e s e  s u b je c t s  s a t i s f i e d  the c r i t e r i a  fo r  
s e le c t io n  a s  d e s c r ib e d  in  the  p re c e d in g  p a r a g r a p h  fo r  the s u b je c t s  in  
the  f i r s t  study.
T he  T e s t  E n v i ro n m e n t
All d a ta  w e re  c o l le c te d  in  a s o u n d - t r e a t e d  t e s t  su ite  a t  the 
Speech  and H e a r in g  C e n te r  a t the U n iv e r s i ty  of O k lahom a M ed ica l  C e n ­
t e r ,  O k lahom a City , O k lahom a. T he  t e s t  r o o m  w as  of d o u b le -w a l le d ,  
in s u la te d  c o n s t ru c t io n  w ith  a g la s s  w indow  fo r  m a in ta in in g  v is u a l  c o n ­
t a c t  b e tw ee n  su b je c t  and e x p e r im e n te r .  A u d ito ry  c o m m u n ic a t io n s  w e r e  
m a in ta in e d  by  m e a n s  of a  T a lk - A - P h o n e  in t e r c o m m u n ic a t io n  s y s te m .
S o u n d - le v e l  m e a s u r e m e n t s  m a d e  in  the  t e s t  r o o m  u n d e r  e x ­
p e r im e n ta l  co n d i t io n s  show ed  an  a m b ie n t  r o o m  n o is e  le v e l  of 48 dB 
S P L  a s  d e t e r m in e d  by the  r a n d o m  C - s c  a le  r e a d in g s  on an  o c ta v e -b a n d  
a n a ly z e r  (G e n e ra l  R ad io  M odel 1558 AP).
S c re e n in g  A p p a ra tu s  
H e a r in g  t h r e s h o ld s  fo r  a l l  s u b je c t s  in  bo th  s tu d ie s  w e r e  o b ­
ta in e d  by m e a n s  of a  p o r ta b le  B e l to n e  M odel 1 0 -C a u d io m e te r  in  a 
s o u n d - t r e a t e d  r o o m  s i m i l a r  in  c o n s t r u c t io n  to  the  t e s t  ro o m .  The 
a u d io m e te r  w as  c a l i b r a t e d  p r i o r  to  the t e s t s  r e l a t iv e  to  the  1964-ISO 
S tanda rd .
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E x p e r im e n ta l  A p p a ra tu s  
The e x p e r im e n ta l  a p p a ra tu s  u s e d  to d e l iv e r  the  t e s t - t o n e  
p u ls e s  and c o n t r a l a t e r a l  n o is e  l e v e l s  is  in d ic a te d  b y  the  b lo c k  d i a g r a m  
shown in  F ig u r e  2.
The s o u rc e  of the s ta n d a r d  and  c o m p a r i s o n  to n e s  w as  an  audio  
o s c i l l a to r  ( H e w le t t - P a c k a r d  M odel 200 AB), the ou tpu t of w h ich  w as  
s p l i t  and fed to  ch an n e l  A -2  of d u a l -c h a n n e l  e l e c t ro n ic  s w i tc h  No. 2 
(G r a s o n - S ta d le r  M odel 8295) and  to  the s in g le -c h a n n e l  e l e c t r o n i c  
sw itch  No. 1 ( G r a s o n - S ta d le r  M odel 829C).
The s w i tc h e s  w e r e  t r i g g e r e d  a l t e r n a t e ly  by a  t im in g  n e tw o rk  
c o n s is t in g  of a  w a v e fo rm  g e n e r a t o r  (T e k t ro n ix  Type l62) and  fo u r  
p u ls e  g e n e r a t o r s  ( T e k t ro n ix  Type 161). The t im in g  p a r a d i m  i s  show n 
g ra p h ic a l ly  in  F ig u r e  3. T he  w a v e fo rm  g e n e r a to r  w as  s e t  fo r  a  tw o -  
seco n d  p e r io d  d u r in g  w h ich  p u ls e  g e n e r a to r  No. 1 f i r e d  im m e d ia te ly  
and  w as  tu rn e d  off 400 m s e c s  l a t e r  by p u ls e  g e n e r a to r  No. 2. A f te r  a  
s i le n t  p e r io d  of 600 m s e c s  p u ls e  g e n e r a to r  No. 3 tu r n e d  on b o th  the 
tone  and  n o ise  by  t r i g g e r in g  e l e c t r o n ic  sw itch  No. 2, w h ich  p u ls e  
g e n e r a to r  No. 4 tu r n e d  off 400 m s e c s  l a t e r .  The r i s e  and  d e c a y  
t i m e s  fo r  b o th  the  tone  and  n o ise  p u l s e s  w e re  25 m s e c .  A c c o rd in g  to  
S e rg e a n t  and H a r r i s '  (31) r e s u l t s  th i s  t im in g  s e q u en ce  sh o u ld  p ro d u c e  
n eg l ig ib le  c u m u la t iv e  lo u d n e s s  ad ap ta t io n .
W hen the  tone  w ith  n o ise  (TWN) w as  u se d  a s  the  c o m p a r i s o n  
tone  i t  w as  fed  f r o m  ou tpu t A -2  of e l e c t r o n ic  sw itch  No. 2 ( E S - 2)
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Figure 3 -  Time sequence used for presentation of signals
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d i r e c t l y  to  the  s u b je c t 's  a t te n u a to r  (No. 4) ( C la ro s t a t  500 ohm  v a r ia b le  
T p a d  w ith  lo g a r i th m ic  ta p e r )  in  the  t e s t  ro o m .  T h is  a t te n u a to r  h ad  
no d e te n ts  no v is ib le  s c a le  and w a s  c o n t in u o u s ly  v a r ia b le  o v e r  a ra n g e  
of abou t 45 dB. A v o l tm e te r  (B a l le n t in e  M odel 300) w as  co n n ec ted  to 
th e  a t te n u a to r  output w h e re  i t  r e - e n t e r e d  the c o n t ro l  ro o m ,  enab ling  
the  e x p e r i m e n t e r  to  r e a d  out d i r e c t ly  in  d e c ib e ls  the  am oun t of r e la t iv e  
i n c r e a s e  o r  d e c r e a s e  in  the m a g n itu d e  of the s ig n a l  b e fo re  i t  e n te r e d  
c o n t ro l  a t t e n u a to r  No. 2 ( H e w le t t - P a c k a r d  M odel 350 AR). T h is  t a n ­
d e m  a r r a n g e m e n t  e n a b le d  e i t h e r  the s u b je c t  o r  the e x p e r im e n te r  to 
c o n t ro l  the  le v e l  of the  c o m p a r i s o n  tone  b e fo re  i t  r e a c h e d  the  m ix e r ,  
m a tc h in g  pad ,  t r a n s f o r m e r ,  and  then  the T D K -39 e a rp h o n e  in  the t e s t  
ro o m .
The d o t te d  l i n e s  show n in  F i g u r e  2 in d ic a te  the  c i r c u i t  m o d i ­
f i c a t io n s  r e q u i r e d  w h en  the to n e  a lone  (TA) s e r v e d  a s  the c o m p a r is o n  
to n e  and  the  TWN r e m a in e d  a t  the  f ix e d  le v e l  s e t  by  the  e x p e r im e n te r .  
U n d e r  th i s  co n d it io n  the  TA w a s  fed  d i r e c t ly  to  the  s u b je c t 's  a t te n u a to r  
(No. 4) in  th e  t e s t  ro o m ,  th e n  b a c k  in to  the  c o n t ro l  r o o m  w h e re  i t s  
ou tp u t  w a s  m o n i to r e d  on the  v o l tm e te r  and  p a s s e d  th ro u g h  a t te n u a to r  
No. 1 b e fo re  i t  w a s  fed  to  th e  m i x e r ,  m a tc h in g  pad , t r a n s f o r m e r ,  and 
th e n  in to  the  t e s t  r o o m  to  the  T D H -39  e a rp h o n e .  The TWN s ig n a l  w as  
th e n  fed  d i r e c t ly  to  c o n t ro l  a t t e n u a to r  No. 2 and  th e n  a l t e r n a t e d  w ith  
th e  TA  in  p a s s in g  th ro u g h  th e  m i x e r ,  m a tc h in g  pad , t r a n s f o r m e r  and 
to  th e  s a m e  TD H -39 r e c e i v e r  a s  the  TA.
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The n o ise  w as  p ro d u c e d  by a n o is e  g e n e r a to r  ( G r a s o n - S ta d le r  
M odel 455C). I t  w as  fed  to  ch an n e l  A-1 of d u a l - c h a n n e l l e d  e l e c t r o n i c  
sw itch  No. 2 w h e re  i t  w as  p u ls e d  and s y n c h ro n iz e d  to  a p p e a r  w ith  the 
TWN. U nder the n a r r o w - h a n d  n o is e  cond ition  the p u ls e d  ou tpu t w as 
p a s s e d  th ro u g h  the b a n d - p a s s  f i l t e r  ( c o m p r i s e d  of h igh  and  lo w - p a s s  
co m p o n en ts  of A ll iso n  M odel 2 -B ).  The f i l t e r e d  o u tpu t w as  th e n  a m ­
p li f ied  by a  l in e  a m p l i f i e r  (A l te c -L a n s in g  M odel 436C C o m p r e s s o r  
A m plif ie r)  b e fo re  i t  p a s s e d  th ro u g h  a t te n u a to r  No. 3 ( H e w le t t - P a c k a r d  
M odel 350 AR) w hich  e n ab led  the  e x p e r i m e n t e r  to  c o n t ro l  the  le v e l  of 
the n o is e .  The n o is e  s ig n a l  w as  then  fed  th ro u g h  an i s o la t io n  p a d  and 
t r a n s f o r m e r  X -2  to  the  TD H -39 e a rp h o n e  o ppos ite  to  the  one re c e iv in g  
the  to n e s .  B o th  e a rp h o n e s  w e re  m o u n ted  in  type MX 4 1 A /R  cu sh io n s  
and he ld  in  a  s ta n d a r d  headband .
The f re q u e n c y  and d u ra t io n  of the  t e s t  s ig n a l s  w e r e  ch ec k e d  
fo r  a c c u ra c y  w ith  a  c o u n t e r - t i m e r  ( T r a n s i s t o r  S p e c ia l t i e s  Inc .  M odel 
361). The r i s e  and  d e c a y  p a t t e r n s  w e r e  ch e c k e d  w ith  an o s c i l lo s c o p e  
(T e k t ro n ix  M odel 56 l) .
The c h a r a c t e r i s t i c s  of th e  f i l t e r  w e r e  v e r i f i e d  w ith  a  g r a p h ic  
le v e l  r e c o r d e r  (G e n e ra l  R ad io  M odel 1521B) d r iv e n  by a  b e a t - f r e q u e n c y  
o s c i l l a t o r  (G e n e ra l  R ad io  T ype  1304B). The o c ta v e -b a n d  f i l t e r  e x ­
h ib i te d  an a t te n u a t io n  r a t e  of 29 dB p e r  oc tave .
P r i o r  to the  d a ta  c o l le c t io n  the  l i n e a r i t y  of the  a t t e n u a to r s  
w as  e v a lu a te d  u s in g  a  c a l ib r a t in g  un it  (A ll iso n  M odel 300). The
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r e s u l t s  show ed  tha t the c o n t ro l  a t t e n u a to r s  fo r  the tone w e r e  a c c u r a te  
w ith in  0. 1 dB f r o m  s te p  to  s tep  and  had  a cu m u la t iv e  e r r o r  of no m o r e  
th a n  - 0 . 5  dB o v e r  a ra n g e  of 40 dB. The n o ise  a t te n u a to r  w as  a c c u r ­
a te  w ith in  - 0 . 1  dB o v e r  a  5 0 -dB ra n g e .
The in te n s i ty  c a l ib r a t io n  of the tone  and  n o ise  s ig n a ls  d e ­
l i v e r e d  to the  T D H -39  e a rp h o n e s  w as  c h e c k e d  p r i o r  to  e a c h  e x p e r i m e n ­
ta l  s e s s io n  u s in g  a c o n d e n s e r  m ic ro p h o n e  (W e s te rn  E l e c t r i c  M odel 
640AA) and c o n d e n s e r  m ic ro p h o n e  c o m p le m e n t  (W e s te rn  E l e c t r i c  
M odel 100 D /E ) .  The e a rp h o n e s  w e r e  m o u n ted  on an  NBS type  9A 
co u p le r .
P r o c e d u r e s
The p s y c h o p h y s ic a l  p r o c e d u r e  u t i l i z e d  in  th i s  s tudy  w a s  the  
m e th o d  of a d ju s tm e n t .  E a c h  s u b je c t  w a s  a s k e d  to  a d ju s t  the  l e v e l  of 
the  c o m p a r i s o n  tone u n t i l  i t  w as  eq u a l  in  lo u d n e ss  to  an  a l t e r n a t e ly -  
p r e s e n t e d  s ta n d a r d  tone  of id e n t ic a l  f r e q u e n c y  bu t f ixed  in te n s i ty .  T he  
c o m p a r i s o n  tone  w as  the tone  a p p e a r in g  a lo n e  o n e -h a l f  of the  t i m e  and 
th e  tone a p p e a r in g  w ith  the n o is e  the  o th e r  h a l f  of the  t im e .  A  b a la n c e  
w a s  in i t ia l ly  a p p ro a c h e d  f r o m  a  le v e l  above th a t  of the s t a n d a r d  tone  
o n e -h a l f  of the  t im e  and  f r o m  be low  o n e -h a l f  of the  t im e .  The s u b ­
j e c t  u se d  an u n m a rk e d ,  d e t e n t l e s s  a t t e n u a to r  to  m a k e  h is  a d ju s tm e n ts .  
A s e c o n d a ry  a t te n u a to r  c o n t ro l le d  by th e  e x p e r i m e n t e r  p r e v e n te d  the  
s u b je c t  f r o m  ob ta in ing  p o s i t io n a l  c lu e s  f r o m  h is  a t te n u a to r  in  a r r iv in g
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at a b a la n c e .
S ub jec t T ra in in g
In th e  f i r s t  s tu d y  a  p r e l i m i n a r y  t r a in in g  p e r io d  w as  r e q u i r e d  
of e a c h  s u b je c t  in  o r d e r  (1) to  f a m i l i a r i z e  h im  w ith  the lo u d n e ss  b a l ­
ance  t a s k  u n d e r  the  v a r io u s  tone and n o is e  co n d i t io n s  and (2) to  he lp  
h im  e s ta b l i s h  a r e l i a b le  c r i t e r i o n  fo r  a  lo u d n e ss  m a tc h .  S a t i s f a c to ry  
s u b je c t  s o p h is t ic a t io n  fo r  the  t a s k  w as  e v id e n c e d  by (1) h is  ab i l i ty  to  
r e p e a t  a  lo u d n e s s  m a tc h  w ith in  p lu s  o r  m in u s  tw o  d e c ib e ls  of the  le v e l  
of the  o r ig in a l  b a la n c e  in  th e  p r e s e n c e  of a  j u s t  d e te c ta b le  c o n t r a l a t e r a l  
n o is e  and (2) a  l a c k  of f u r t h e r  im p r o v e m e n t  in  p e r f o r m a n c e  of the 
lo u d n e s s - m a tc h in g  t a s k  r e g a r d l e s s  of the  c o n t r a l a t e r a l  n o is e  cond ition . 
One su b je c t  s a t i s f i e d  th e s e  c r i t e r i a  d u r in g  the  s e c o n d  p r a c t i c e  s e s s io n ,  
bu t the  o th e r s  r e q u i r e d  t h r e e  o r  fo u r  p r a c t i c e  s e s s i o n s  in  o r d e r  to  be 
s a t i s f a c to r i l y  c o n s i s t e n t  in  th e i r  lo u d n e ss  m a tc h e s  u n d e r  th e  v a r io u s  
tone  and  n o is e  c o n d i t io n s .
T h e s e  p r e l i m i n a r y  s e s s i o n s  a l s o  s e r v e d  to  f u r th e r  f a m i l i a r ­
iz e  the  e x p e r i m e n t e r  w i th  the  a p p a r a tu s  and  th e  o r d e r  of p r e s e n ta t io n  
of the  v a r io u s  c o m b in a t io n s  of s t im u lu s  p a r a m e t e r s .  T he  f in a l  t r a i n ­
ing s e s s i o n  and  the  f i r s t  e x p e r im e n ta l  s e s s i o n  w e r e  s e p a r a t e d  by a t  
l e a s t  one day.
T he  s u b je c t s  in  the  sec o n d  s tudy  w e r e  t r a i n e d  d if f e re n t ly  
th a n  th o s e  in  th e  f i r s t  s tudy . I n s te a d  of r e c e iv in g  a  long t r a in in g
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p e r io d ,  e ac h  w as  given, only  two t r i a l  lo u d n e ss  b a la n c e s  in  q u ie t  at e ac h  
f re q u e n c y ,  one s ta r t in g  f r o m  above, and  one f r o m  below  the b a la n c e d  
cond ition .  T hey  w e re  a l so  g iven  one t r i a l  b a la n c e  in  the p r e s e n c e  of a 
lo w - le v e l  n o ise  w h ile  v a ry in g  the tone  a lone (TA) and a n o th e r  t r i a l  b a l ­
ance  in  w h ich  th ey  v a r i e d  the  to n e -w ith  n o is e  (TWN). Fo llow ing  th e s e  
t r i a l  b a la n c e s  th ey  im m e d ia te ly  b eg an  the  e x p e r im e n ta l  p r o c e d u r e  as  
d e s c r ib e d  below. The only m o d i f ic a t io n s  in  the p r o c e d u r e  f r o m  th a t  
fo llow ed  by the  s u b je c t s  of S tudy I w e r e  th a t  (1) one t r i a l  b a la n c e  w as  
g iv en  p r i o r  to  e a c h  new  to n e  a n d / o r  n o is e  cond ition  and (2) i n s t r u c t io n s  
w e r e  r e p e a t e d  if the su b je c t  h a d  a  q u e s t io n  o r  s e e m e d  to  be m a k in g  
b i z a r r e  o r  in c o n s i s t e n t  r e s p o n s e s .
E x p e r i m e n t a l  P r o c e d u r e  
F o r  b o th  s tu d ie s  th e  e x p e r i m e n t a l  d a ta  w e re  c o l le c te d  f r o m  
e a c h  s u b je c t  in  two l i s t e n in g  s e s s i o n s  of a p p ro x im a te ly  tw o  h o u r s  each .  
P r e c a u t io n s  w e r e  ta k e n  to  i n s u r e  th a t  e a c h  s u b je c t  w a s  r e s t e d  and 
a l e r t  p r i o r  to  e a c h  s e s s io n .  In  a d d it io n ,  he  w as  g iv e n  a  r e s t  p e r io d  
h a lfw ay  th ro u g h  e a c h  s e s s io n .  The r ig h t  e a r  of e a c h  s u b je c t  r e c e iv e d  
th e  to n e s  and the  le f t  e a r  r e c e iv e d  th e  n o is e .
The 36 c o m b in a t io n s  of the  fo u r  p a r a m e t e r s  p lu s  th e  tw o p r o ­
c e d u r a l  e f fe c ts  in v e s t ig a te d  w e r e  p r e s e n te d  to  the  fo u r  s u b je c t s  in  a s  
n e a r l y  a  b a la n c e d  o r d e r  a s  w a s  p o s s ib le .  T he  b a la n c e d  t e m p o r a l  o r d e r  
of t e s t - t o n e  le v e ls  and  f r e q u e n c ie s  w as  s a c r i f i c e d  to  s o m e  e x te n t  in
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o r d e r  to  re d u c e  a s s o c ia t io n s  b e tw e e n  p a r t i c u l a r  t e s t - t o n e  le v e l s ,  f r e ­
q u en cy  o r d e r s ,  and n o is e  v a r i a b l e s .  T he  t e m p o r a l  sequenc ing  and the 
c o in c id e n c e  of the  p a r a m e t e r  v a lu e s  a r e  shown in  F ig u re  1 (p. 33).
The b lo c k s  r e p r e s e n t in g  e a c h  l i s te n in g  s e s s io n  show  the  n o ise  
co n d i t io n s  at the  top  and the tone  le v e ls  a t the b o tto m . T he  su b je c ts  
a r e  id e n t i f ie d  a long  the  o rd in a te  and the  t e m p o r a l  o r d e r  is  show n f r o m  
le f t  to  r ig h t .  F o r  e x a m p le ,  i t  i s  s e e n  th a t  in  the  f i r s t  s e s s io n  Subjec t 
#1 f i r s t  v a r i e d  the  in te n s i ty  of a  500 -H z tone to  eq u a l  lo u d n e ss  w ith  a 
f ix e d - l e v e l ,  50 0 -H z  tone  s e t  a t  50 dB. A h ig h - le v e l  (95 dB) b ro a d -b a n d  
n o is e  w a s  p r e s e n t e d  to  the  o p p o s ite  e a r  c o n c u r r e n t ly  w ith  the  f ix ed -  
l e v e l  to n e .  B a la n c e s  w e re  th e n  o b ta in e d  fo r  1000- and 200 0 -Hz to n es  
u n d e r  the  s a m e  s e t  of co n d i t io n s .
The p r o c e d u r e  w a s  th e n  r e p e a te d  at th e  m id d le  to n e  le v e l  
(60 dB). the o r d e r  of f r e q u e n c y  p r e s e n ta t io n s  w a s  a l t e r e d  u n d e r  th is  
co n d i t io n  so th a t  th e  1000-H z tone a p p e a r e d  f i r s t ,  the  2000 -H z tone 
s e c o n d ,  and  the  500 -H z tone  a p p e a r e d  th i rd .  T h en ,  w ith  the  no ise  
p a r a m e t e r s  u n a l t e r e d ,  th e  e x p e r i m e n t e r  sw i tc h e d  to  the  h ig h - le v e l  
to n e  an d  the  s u b je c t  c o m p le te d  lo u d n e ss  b a la n c e s  fo r  the  2000- ,  5 0 0 - ,  
and  1000-H z to n e s  r e s p e c t iv e ly .  T he  s u b je c t  w a s  then  a l low ed  a  te n -  
m in u te  r e s t  p e r io d  w h ile  the  e x p e r i m e n t e r  a d ju s te d  the  e q u ip m en t to  
m a k e  th e  to n e -w i th - n o i s e  (TWN) the  c o m p a r i s o n  tone  and the  tone 
a lone  (TA) the  f ix e d  tone .
W hen te s t in g  w as  r e s u m e d  S ub jec t  # 1  f i r s t  b a la n c e d  the
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lo u d n e ss  of the  1000-H z tone (TWN) a p p e a r in g  in  the  p r e s e n c e  of the 
lo w - le v e l  (75 dB) b r o a d - b a n d  n o ise  w ith  th a t  of the  s ta n d a rd  tone  w hich  
w as  d e l iv e r e d  to  the  e a r  at the 4 0 -dB (o r  m idd le) tone le v e l .  The p r o ­
c e d u re  w as  then  r e p e a te d  s u c c e s s iv e ly  at 500 and 2000 Hz, e tc .
In the  seco n d  s e s s io n ,  w hich  fo llow ed  the  f i r s t  a f te r  a  p e r io d  
of f r o m  one to  fou r  d a y s ,  the  o r d e r  of p r e s e n ta t io n  of the  n o is e  c o n d i ­
t io n s  and of a ll  to n a l  co m b in a t io n s  w e re  v a r i e d  w ith  r e s p e c t  to  s e s s io n  
one a s  shown in  the  r ig h t - h a n d  h a l f  of F ig u r e  1. I t  can  a l so  be  s e e n  in  
F ig u r e  1 th a t  the o r d e r  of p r e s e n ta t i o n  of the n o is e  p a r a m e t e r s  w as 
r e v e r s e d  f r o m  s u b je c t  to  s u b je c t  and  th a t  the tone cond it io n s  a r e  a p ­
p r o x im a te ly  b a la n c e d  fo r  t e m p o r a l  o r d e r  and c o in c id en c e  a c r o s s  s u b ­
je c t s .
In s t r u c t i o n s  to  S ub jec ts  
P r i o r  to  e a c h  t r a in in g  s e s s io n  e ac h  s u b je c t  in  S tudy I w as  i n ­
fo r m e d  v e rb a l ly  of the  p u rp o s e  of the  s tu d y  and the  p r o c e d u r e s  to  be  
fo llow ed. In  ad d i t io n  he  w as  g iven  a c a r d  con ta in in g  p r in t e d  i n s t r u c ­
t io n s  as  fo llow s;
You a r e  about to  p a r t i c ip a t e  in  a  p sy c h o p h y s ic a l  s tudy  on lo u d ­
n e s s .  Y our s p e c if ic  t a s k  i s  to change  the  in te n s i ty  l e v e l  of a 
v a r ia b le  tone h e a r d  in  y o u r  r ig h t  e a r  u n t i l  i t  sounds  e q u a l  in  
lo u d n e ss  to an id e n t ic a l  tone  of f ix ed  in te n s i ty  w hich  you w ill  
h e a r  a l t e r n a t e ly  a l s o  in  the  r ig h t  e a r .  The v a r i a b le  a t t e n u a to r  
on the  ta b le  to  y o u r  r ig h t  i s  fo r  th i s  p u rp o s e .
You w ill  no te  th a t  a s  you t u r n  the  a t te n u a to r  knob in  a  
c lo ck w ise  d i r e c t io n  the v a r ia b le  tone  w ill  g e t  lo u d e r .  As you 
tu r n  the  knob c o u n te r - c lo c k w is e  the tone w ill  g e t  s o f te r .
A p p ear in g  w ith  one of the  to n e s  bu t in  th e  le f t  e a rp h o n e
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w ill  be e i th e r  a  b r o a d - b a n d  o r  a n a r r o w - b a n d  n o is e .  You w il l  
l e a r n  to  d i s r e g a r d  the n o is e  and l i s t e n  only to  the c o m p a ra t iv e  
lo u d n e ss  of the  two to n e s .  At f i r s t  the  c o n t r a l a t e r a l  n o is e  w ill  
be j u s t  loud  enough to  h e lp  you d i f f e re n t ia te  b e tw ee n  th e  two 
to n e s .  W ith the  n o ise  a t  th is  le v e l  you  w ill  m a k e  two b a la n c e  
ju d g m e n ts .  F i r s t  you w il l  beg in  w ith  the v a r ia b le  tone  be ing  
m u ch  lo u d e r  th an  the fixed  tone  and  you w il l  d e c r e a s e  i t  u n ti l  
i t  i s  s o f te r  th a n  the  f ix ed  tone . T h e n  i n c r e a s e  the  le v e l  of the 
v a r ia b le  tone u n t i l  i t  sounds  e q u a l ly  lo u d  a s  the  s ta n d a r d  o r  
f ixed  cone. Nod y o u r  h e a d  a f f i r m a t iv e ly  w hen  you f e d  th a t  the  
two to n e s  a r e  e q u a l ly  loud. Do no t  m ove  y o u r  a t te n u a to r  u n ti l  
I nod a f f i rm a t iv e ly  th a t  y o u r  le v e l  h a s  b een  r e c o r d e d .
Now r e p e a t  the  above p r o c e d u r e .  T h is  t im e  a p p ro a c h  the 
lo u d n e ss  b a la n c e  f r o m  below . B eg in  w ith  y o u r  a t te n u a to r  in  a 
c o u n te r - c lo c k w is e  p o s i t io n  so  th a t  the  v a r ia b le  tone  i s  s o f te r  
th a n  the  f ixed  o r  s ta n d a r d  tone .  I n c r e a s e  the  le v e l  u n t i l  the 
v a r ia b le  tone sounds  lo u d e r ,  r e t u r n  to  w h e re  i t  i s  s o f te r ,  and 
th e n  i n c r e a s e  the le v e l  u n t i l  i t  sounds  a s  loud  a s  the  s ta n d a r d  
tone . W hen th e  e x p e r im e n t  b eg in s  you  w il l  s e e  a  c a r d  a p p e a r in g  
in  the  w indow  to  r e m in d  you w h e th e r  to  a p p ro a c h  the b a la n c e  
f r o m  above o r  below .
R e m e m b e r  th a t  d u r in g  h a l f  of e a c h  l i s te n in g  s e s s i o n  you 
w il l  be v a ry in g  the le v e l  of the  tone  w ith  the  n o is e  (TWN).
D u rin g  the  o th e r  h a l f  you w il l  b a la n c e  the  lo u d n e s s  by  v a r y ­
ing the  le v e l  of the tone  a lone  (TA).
A re  th e r e  any q u e s t io n s ?
F o llo w in g  the  p r e l i m i n a r y  p r a c t i c e  b a l a n c e s  f u r t h e r  i n s t r u c ­
t io n s  w e r e  p r e s e n t e d  to  e a c h  s u b je c t  in  Study 1. T h e s e  s a m e  i n s t r u c ­
t io n s  w e r e  a lso  s e e n  and h e a r d  by the  s u b je c t s  in  Study 11.
Now you w ill  h e a r  the  t h r e e  p a i r e d  to n e s  a p p e a r  a t  e a c h  of t h r e e  
d i f f e r e n t  in t e n s i ty  le v e ls .  A p p ea r in g  w ith  one of the to n e s  w il l  
be e i t h e r  a  lo w - le v e l  o r  a  h ig h - le v e l  n o is e  in  th e  le f t  e a r .  U n­
d e r  th e s e  co n d it io n s  y o u r  b a la n c in g  t a s k  m a y  b e  m o r e  d iff icu lt .  
You m u s t  r e s i s t  the  te n d e n c y  to  change  y o u r  c r i t e r i o n  of ju d g ­
m e n t  i f  the p i tc h ,  q u a l i ty ,  o r  l a t e r a l i t y  of the  tone  w ith  the  n o is e  
s e e m s  to  change . Y our ju d g m e n t  m u s t  b e  b a s e d  s o le ly  upon 
m a g n itu d e  o r  lo u d n e ss ,  r e g a r d l e s s  of any o th e r  d i f f e r e n c e s  b e ­
tw e e n  the  to n e 8 - - e i t h e r  r e a l  o r  fan c ied .  You shou ld  r e q u i r e  
no m o r e  than  one m in u te  to  c o m p le te  a  lo u d n e s s  b a la n c e ,  a l ­
though  you m a y  ta k e  as m u c h  t im e  as  you n e e d  to  i n s u r e  a c ­
c u ra c y .
A f te r  co m p le t in g  the  f i r s t  s e r i e s  of b a la n c e s  you  w il l  ta k e
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a t e n -m in u te  b r e a k  b e fo re  co m p le tin g  the  l a s t  s e r i e s  u n d e r  a 
s i m i l a r  s e t  of v a r i a b l e s .  T he  s a m e  p r o c e d u r e s  w il l  be fo llow ed  
d u r in g  y o u r  s e c o n d  and f in a l  s e s s io n .
R e m e m b e r  th a t  (1) a l l  ju d g m e n ts  a r e  to  be m a d e  e n t i r e ly  
on the  b a s i s  of th e  r e l a t i v e  m a g n i tu d e s  o r  lo u d n e s s  of the  two 
to n e s  and  (2) once  a lo u d n e s s  b a la n c e  h a s  b e e n  c o m p le te d  do 
n o t  m o v e  the  a t t e n u a to r  knob u n ti l  the  r e s u l t  h a s  b e e n  r e c o r d e d  
as  e v id e n c e d  by the  e x a m i n e r ' s  s igna l .
T he  s u b je c t s  in  Study 11 a l s o  w e r e  g iv en  ad d i t io n a l  v e r b a l  i n ­
s t r u c t io n s  r e g a r d in g  the l i s te n in g  c r i t e r i a  th ey  w e r e  to  u se .  S p e c i f i ­
c a l ly ,  they  w e r e  a s k e d  to  b a la n c e  the lo u d n e s s  of the  two to n e s  a s  r e ­
q u e s te d  in  the  above in s t r u c t io n s ,  but w e re  c a u t io n e d  th a t  t h e r e  m ig h t  
be  q u a l i ty  o r  lo c a l iz a t io n  c h a n g e s  in  th e  tone  w h ich  w a s  p r e s e n t e d  w ith  
the  n o is e .  T h ey  w e r e  to ld  no t to  t r y  to  b lo ck  out the  n o i s in e s s  s u r ­
ro u n d in g  the  tone  bu t  to  c o n s id e r  the tone and i t s  a s s o c i a t e d  n o i s in e s s  
a s  a  to ta l  c o m p le x ,  th e  lo u d n e s s  of w h ich  th e y  w e r e  to  c o m p a re  w ith  
the  lo u d n e ss  of the  to n e  a p p e a r in g  a lone .  T hey  w e r e  a l s o  c a u t io n e d  
th a t  t h e r e  m ig h t  b e  m o r e  th a n  one po in t on t h e i r  a t t e n u a to r  a t w h ich  th e  
two to n a l  s ig n a ls  w ou ld  s e e m  to  b a la n c e  depend ing  on the  c r i t e r i o n  
ap p l ied .  H o w e v e r ,  th e y  w e r e  to  t r y  to  h o ld  to  th e  r e q u e s t e d  l i s te n in g  
c r i t e r io n .  O c c a s io n a l ly  th e s e  in s t r u c t io n s  w e r e  r e p e a t e d  i f  a  s u b je c t  
s e e m e d  to  be  hav ing  d if f ic u l ty  in  fo llow ing  the  i n s t r u c t io n s  o r  in  h o ld ­
ing to  the  r e q u e s t e d  l i s t e n in g  c r i t e r i o n .
T he  P r o c e s s i n g  of the  D a ta
T h e  d a ta  fo r  bo th  s tu d ie s  w e re  p r o c e s s e d  u s in g  an  a n a ly s i s  of 
v a r i a n c e  d e s ig n e d  fo r  m u l t i - f a c t o r  e x n e r im e n t s  hav ing  r e n e a te d
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m e a s u r e s  (40, p. 300). The m a in  e f fe c ts  t r e a t e d  w e r e  n o ise  type , 
n o is e  le v e l ,  tone f re q u e n c y ,  tone le v e l  and the  two p r o c e d u r a l  v a r i ­
a b le s  of (1) w h ich  tone  w a s  v a r i e d  and (2) w h e th e r  th e  in i t ia l  a p p ro a c h  
w a s  f r o m  a  le v e l  above o r  be low  th a t  of the  f ix e d - l e v e l  tone . The i n ­
t e r a c t i o n s  b e tw e e n  th e s e  m a in  e f fe c ts  w e r e  a l so  te s te d .
The d a ta  fo r  Study I w e r e  a l s o  a n a ly z e d  by c o m p a r in g  the  r e ­
s u l t s  of S u b je c ts  #1 and  #3 (G roup  #1) w ith  th o s e  of S u b jec ts  #2 an d  #4 
(G roup  #2). T h is  s e p a r a t e  t r e a t m e n t  w a s  n e c e s s i t a t e d  by th e  w ide 
d i f f e r e n c e s  in  the  d a ta  o b ta in ed  f r o m  th e  tw o p a i r s  of s u b je c ts .
I t  w as  r e a l i z e d ,  of c o u r s e ,  th a t  th is  " a f t e r - t h e - f a c t "  c a t e ­
g o r iz a t io n  v io la te s  a  b a s ic  te n e n t  of the  s t a t i s t i c a l  d e c i s io n -m a k in g  
p r o c e s s .  B u t,  a f te r  Study II w as  c o m p le te d  and  show ed  no s u ch  w ide  
d i f f e r e n c e s  b e tw e e n  s u b je c t s ,  i t  w a s  h o p e d  th a t  su ch  t r e a t m e n t  of the  
d a t a  f r o m  Study I m ig h t  o f fe r  an i m p r e s s i o n  of th e  m a g n itu d e  of the  
d i f f e r e n c e s  b e tw e e n  s u b je c t s ,  w h a te v e r  t h e i r  c a u s e .  A lso  s u ch  an 
a n a ly s i s  im p ro v e d  the  e v a lu a t io n  of the  o th e r  m a in  e f fe c ts .  T he  d a ta  
f r o m  Study II w e re  a n a ly z e d  us ing  the  fo u r  s u b je c t s  a s  a  s in g le  g ro u p .  
The p r o c e s s in g  of the  d a ta  w as  c a r r i e d  out by th e  u s e  of an IB M  360 
c o m p u te r  (M odel 50).
CHAPTER IV
RESUETü
I n t ro d u c t io n
Two s tu d ie s  a r e  r e p o r t e d  w h ic h  a r e  id e n t ic a l  in  m o s t  r e s p e c t s  
but w hich  d i f f e r  in  the  c r i t e r i a  the  s u b je c t s  w e r e  a s k e d  to  u se  in  e v a lu ­
a t in g  r e l a t i v e  lo u d n e s s .  T he  p u rp o s e  of b o th  s tu d ie s  w a s  to i n v e s t i ­
g a te  the  lo u d n e s s  change  th a t  o c c u r s  d u r in g  m o n a u ra l  lo u d n e ss  b a l a n ­
c e s  of id e n t ic a l  p u r e  to n e s  w hen  one of the  to n e s  is  p a i r e d  w ith  c o n t r a -  
l a t e r a l l y - p r e s e n t e d  t h e r m a l  n o i s e s  of d i f f e r e n t  bandw id ths  and le v e ls .
T he  m a in  e f fe c ts  in v e s t ig a te d  w e r e  n o ise  ty p e ,  n o ise  le v e l ,  
to n e  f r e q u e n c y ,  and  tone  le v e l .  S p e c i f ic a l ly ,  a  b ro a d -b a n d  n o is e  and 
an  o c ta v e -b a n d  n o is e  w e r e  e a c h  p r e s e n t e d  to  the  le f t  e a r s  of fo u r  s u b ­
j e c t s  a t  one l e v e l  w h ich  sh o u ld  h ave  e l i c i t e d  the  a c o u s t ic  r e f l e x  and a t  
a n o th e r  le v e l  w h ich  shou ld  no t h av e  done so . The t e s t  s t im u l i  w hich  
w e r e  p r e s e n t e d  to  the  r ig h t  e a r  in c lu d e d  a  500-H z to n e  w hich  shou ld  
h a v e  b e e n  a f fe c te d  by th e  r e f l e x  bu t w h ich  i s  below  the  octave -band  
n o is e  in  f r e q u e n c y ,  a  1000-H z tone  w h ich  i s  a t  th e  c e n te r  of the  o c ta v e -  
b an d  n o is e ,  an d  a  2000-H z to n e  w h ich  i s  h ig h e r  in  f r e q u e n c y  th a n  the 
o c t a v e -b a n d  n o is e .  E a c h  tone  w as  p r e s e n t e d  a t th r e e  le v e ls  w h ich
51
52
v a r ie d  w ith  ea c h  d if fe re n t  n o is e  type  and n o is e  le v e l  so th a t  the  m id d le  
tone le v e l  would a lw ays  a p p ro x im a te  the s p e c t r u m  le v e l  of the  c o n ­
t r a l a t e r a l  n o ise .  A lso  s tu d ie d  w e r e  two p r o c e d u r a l  e f fec ts ;  (1) 
w h e th e r  the tone h e a r d  w ith  the  n o is e  o r  the  tone w h ich  w as  h e a r d  alone 
w as  v a r i e d  by the  s u b je c t ,  and  (2) w h e th e r  the  s u b je c t 's  in i t i a l  a p ­
p ro a c h  to  the b a la n c e d  co n d it io n  w as  f r o m  a  tone le v e l  above o r  be low  
the in te n s i ty  p ro d u c in g  a  ju d g m e n t  of lo u d n e s s  equa lity .
In the  f i r s t  s tudy  fo u r  h ig h ly - t r a in e d ,  n o r m a l - h e a r in g  a d u l t s - - 
so p h is t ic a te d  in  p s y c h o p h y s ic a l  p r o c e d u r e s - - u s e d  the m e th o d  of a d ­
ju s tm e n t  to  ob ta in  m o n a u ra l  lo u d n e s s  balc inces u n d e r  the  co n d i t io n s  
d e s c r ib e d  above. T he o r d e r  of p r e s e n ta t i o n  of the e x p e r im e n ta l  c o n ­
d it io n s  w a s  s y s t e m a t ic a l ly  b a la n c e d  in  o r d e r  to  r e d u c e  the  e f f e c t s  of 
any t e m p o r a l l y - r e l a t e d  b i a s e s .  P r i o r  to  g a th e r in g  the  d a ta  e a c h  s u b ­
j e c t  p a r t i c ip a te d  in  s e v e r a l  t r a in in g  s e s s io n s  du r in g  w h ich  he  p r a c t i c e d  
the  e x p e r im e n ta l  t a s k  u n t i l  r e l i a b l e  m e a s u r e s  w e r e  ob ta ined .  D uring  
the  t r a in in g  s e s s io n s  the  s u b je c t s  w e r e  i n s t r u c t e d  to  d i s r e g a r d  the  
c o n t r a l a t e r a l  n o is e  and  to  c o n c e n t r a te  on m a tc h in g  only the  lo u d n e ss  
of the two to n es  a p p e a r in g  a l t e r n a t e ly  in  the  t e s t  e a r .
The r e s u l t s  of the  f i r s t  s tudy  did  no t r e a d i ly  le n d  th e m s e lv e s  
to  a  m e an in g fu l  s t a t i s t i c a l  a n a ly s i s  w hen the  d a ta  f r o m  a l l  the  s u b je c t s  
w e r e  g ro u p e d  b e c a u se  two of th e  fo u r  s u b je c t s  ob ta ined  lo u d n e s s  i n ­
c r e a s e s  in  the  p r e s e n c e  of the  c o n t r a l a t e r a l  n o ise  w hile  the o th e r  two 
ob ta ined  lo u d n e ss  d e c r e a s e s  of a p p ro x im a te ly  the sa m e  m a g n itu d e .
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As a p a r t  of a  r e - e v a lu a t io n  of the e x p e r im e n ta l  p r o c e d u r e s  
the fo u r  su b je c t s  w e re  q u e s t io n e d  r e g a r d in g  th e i r  l i s te n in g  c r i t e r i a .
A.11 su b je c t s  e x p r e s s e d  d iff icu lty  in  m a in ta in in g  a  c r i t e r i o n  fo r  equal 
lo u d n e ss  fo r  the  two to n e s  u n d e r  a l l  co n d it io n s  b e c a u s e  of v a r io u s  
q ua lity  a n d  lo c a l iz a t io n  ch an g e s  a s s o c ia t e d  w ith  the  tone  d u ring  the dif­
f e r e n t  n o is e  cond it ions  in  the  c o n t r a l a t e r a l  e a r .  U nder so m e  c o n d i­
t io n s  the  tone p r e s e n t e d  w ith  the n o is e  a p p e a re d  to  l a t e r a l i z e  to w a rd  
the o ppos ite  e a r  and  b len d  w ith  the  n o is e .  At o th e r  t i m e s  the  to n e -  
w i th -n o i s e  s e e m e d  to  g e t  " fu zzy "  w hich  m a d e  i t s  r e c o g n i t io n  d iff icu lt .  
S u b jec ts  #2 and #4 ( th o se  th a t  p ro d u c e d  the  lo u d n e ss  d e c r e a s e s )  r e ­
p o r te d  th a t  they  h ad  m e n ta l ly  t r i e d  to  s u p p r e s s  o r  b lo c k  out the n o ise ,  
both  th a t  h e a r d  c ont r a l  a te  r a l l y  and th a t  a s s o c ia t e d  w ith  and s u r r o u n d ­
ing the  tone  sounded  w ith  the  n o is e  in  the  o p p o s i te  e a r .  In s te a d ,  they  
h ad  t r i e d  to  c o n c e n t r a te  on only the  tone  i t s e l f  w h ich  a p p e a r e d  in  the 
m id s t  of the  n o is e  co m p lex .  W ith th is  c r i t e r i o n  the  n o is e  a s s o c ia t e d  
w ith  the  tone p r e s u m a b ly  r e p r e s e n t e d  an  i n t e r f e r e n c e  w h ich  d e c r e a s e d  
the a p p a re n t  lo u d n e ss  of the  tone o c c u r r in g  w ith  the  n o is e .
The o th e r  two s u b je c t s  (#1 and #3) r e p o r t e d  th a t  they  c o n ­
s id e r e d  the  tone ,  éind i t s  a s s o c ia t e d  n o i s in e s s ,  as a f o r m  of com bined ,  
c o m p lex ,  to n a l - l ik e  s ig n a l  to  w hich  i t  w as  e a s i e r  fo r  th e m  to m a tc h  
the  c r i t e r i o n  tone  o c c u r r in g  alone. T he  u se  of th i s  c r i t e r i o n  a p p a re n t­
ly  r e s u l t e d  in  lo u d n e ss  i n c r e a s e s .  I t  w as  a p p a re n t  f r o m  th e s e  c o m ­
m e n ts  th a t  e i t h e r  lo u d n e ss  d e c r e a s e s  o r  i n c r e a s e s  cou ld  be ob ta in ed
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dep en d in g  upon w h e th e r  a  s u b je c t  u s e d  only  th e  p u re  tone e l e m e n t  of 
th e  c o m p le x  o r  w h e th e r  he  in c lu d e d  the  f r in g e  a r e a  n o i s in e s s  w h ich  
a c c o m p a n ie d  the  tone  a s  w e l l  in  h i s  ju d g m e n t  of eq u a l  lo u d n e s s .
In  o r d e r  to  a s s e s s  th i s  e f f e c t  f u r t h e r  th e  s e c o n d  s tu d y  w a s  
c a r r i e d  out. F o u r  n o r m a l - h e a r i n g ,  p r e v i o u s l y - i n e x p e r i e n c e d  s u b ­
j e c t s  w e r e  u s e d .  T he  p r o c e d u r e s  w e r e  e s s e n t i a l l y  the  s a m e  a s  in  the  
f i r s t  s tu d y .  H o w e v e r ,  t h e s e  s u b je c t s  w e r e  no t g iv en  the  i n s t r u c t i o n s  
th a t  w e r e  a s s o c i a t e d  w ith  th e  t r a i n in g  s e s s i o n s  in  the  f i r s t  s tudy ,  bu t 
on ly  th o s e  i n s t r u c t i o n s  th a t  p r e c e d e d  th e  e x p e r i m e n t a l  s e s s i o n s .  In 
ad d i t io n ,  e a c h  s u b je c t  w a s  c a u t io n e d  th a t  t h e r e  m ig h t  be m o r e  th a n  
one p o in t  on h i s  a t t e n u a to r  a t  v-hich th e  two to n e s  m ig h t  so u n d  e q u a l ly  
loud . H e w a s  a s k e d  to  t r y  to  h o ld  to  th e  s a m e  c r i t e r i o n  f o r  b a la n c e  
w h ich  h ad  r e s u l t e d  in  lo u d n e s s  i n c r e a s e s  in  th e  p r e v io u s  s tudy ; nam ely ,  
to  c o n s i d e r  the  n o i s in e s s  a s s o c i a t e d  w ith  the  to n e  in  the  p r e s e n c e  of 
th e  c o n t r a l a t e r a l  n o is e  a s  a  p a r t  of the  s ig n a l  to  be b a la n c e d  w ith  the  
to n e  h e a r d  a lo n e .
T h e  d a ta  f r o m  b o th  s tu d ie s  w e r e  p r o c e s s e d  u s in g  an a n a l y s i s  
of v a r i a n c e  d e s ig n e d  fo r  m u l t i - f a c t o r  e x p e r i m e n t s  h av in g  r e p e a t e d  
m e a s u r e s  (40).
R e s u l t s  of S tudy I 
I n s p e c t io n  of th e  d a ta  f r o m  S tudy I r e v e a l e d  im m e d i a t e l y  the 
a l m o s t  e q u a l  bu t o p p o s i te  lo u d n e s s  c h a n g e s  p ro d u c e d  by th e  two p a i r s  
of s u b je c t s .  It i s  a p p a r e n t  th a t  s im p le  m e a n s  a v e r a g e d  a c r o s s  a l l
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fou r  s u b je c t s  w ould  p ro d u c e  n e a r  0. 0 dB lo u d n e s s  le v e l  change  i n d i c a ­
t io n s .  F o r  e x a m p le ,  the  m e a n  lo u d n e ss  l e v e l  i n c r e a s e  in  the p r e s e n c e  
of n o is e  a c r o s s  a l l  co n d it io n s  fo r  a l l  s u b je c t s  i s  s l ig h t ly  l e s s  th a n  0. 3 
dB. B e c a u s e  of th is  v i r t u a l  c a n c e l la t io n  of e f fe c ts  and b e c a u s e  of the 
g r e a t  i n t e r - s u b j e c t  v a r i a b i l i t y  i t  w as  d e c id e d  a t th i s  p o in t  to c a r r y  out 
the seco n d  study . N e v e r th e le s s ,  i t  s e e m e d  w o r th w h ile  to  e v a lu a te  the  
r e s u l t s  of th e  f i r s t  s tudy  by t r e a t in g  s u b je c t s  #1 and  #3 and  su b je c ts  
#2 and  #4 a s  two s e p a r a t e  g ro u p s .  T h is  a f t e r - t h e - f a c t  c a te g o r iz a t io n  
v io la te s ,  of c o u r s e ,  a  b a s ic  te n e n t  of the  s t a t i s t i c a l  d e c i s io n -m a k in g  
p r o c e s s .  H o w e v e r ,  i t  w as  h o p ed  th a t  an  i m p r e s s i o n  of the  m a g n itu d e  
of the  d i f f e r e n c e s ,  w h a te v e r  t h e i r  c a u s e ,  and  an e v a lu a t io n  of o th e r  
m a in  e f f e c t s  cou ld  be o b ta in e d  th e re b y .  W ith th e s e  p r e c a u t io n s  in  
m in d ,  the  o u tc o m e s  a r e  p r e s e n t e d  in  th e  fo llow ing  s e c t io n s .
L is te n in g  C r i t e r i a  
G ro u p  #1 (S ub jec ts  #1 and  #3) p r o d u c e d  an  o v e r a l l  m e a n  lo u d ­
n e s s  i n c r e a s e  of 2 .4  dB. G ro u p  #2 (S ub jec ts  #2 and  #4) p ro d u c e d  an 
o v e r a l l  m e a n  lo u d n e ss  d e c r e a s e  of 1. 8 dB. The d i f f e re n c e  b e tw ee n  
th e s e  two g ro u p  m e a n s  w a s  s ig n if ic a n t  a t  the  . 05 le v e l .  The e r r o r  
t e r m  w as  qu ite  l a r g e  r e f le c t in g  the  l a r g e  d i f f e r e n c e s  b e tw e e n  the s u b ­
j e c t s  ev e n  a f te r  su b d iv is io n  in to  two g ro u p s .
N oise  T ype
A n o th e r  v a r i a b le  w h ich  w as  show n to  be  s ig n if ic a n t  a t  the
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. 05 le v e l  w a s  n o is e  type . T h e r e  w e re  no s ig n if ic a n t  in t e r a c t io n s  b e ­
tw e e n  n o is e  type  and  o th e r  co n d i t io n s .  N e i th e r  w e re  th e r e  s ig n if ic a n t  
d i f f e r e n c e s  am ong in d iv id u a ls  t r e a t e d  a l ik e ,  w h ich  in d ic a te d  th a t  th is  
e f fe c t  w as  s i m i l a r  fo r  a l l  s u b je c t s .  T h is  is  show n in  F ig u r e  4 w hich 
p r e s e n t s  the  m e a n  lo u d n e ss  i n c r e a s e s  fo r  each  su b je c t  a c r o s s  all o th e r  
co n d i t io n s  a s  a  func tion  of n o is e  type . It i s  s e e n  th a t  g r e a t e r  lo u d n e ss  
i n c r e a s e s  (o r  s m a l l e r  d e c r e a s e s )  w e re  o b ta in ed  by a l l  s u b je c t s  u n d er  
th e  n a r r o w - b a n d  n o is e  cond it ion .  T h is  f ig u re  a l s o  i l l u s t r a t e s  the  w ide 
s e p a r a t io n  b e tw e e n  th e  two g r o u p s  of s u b je c t s .
P r o c e d u r a l  V a r ia b l e s  
T h e r e  w a s  a  s ig n i f ic a n t  i n t e r a c t io n  b e tw e e n  the  p r o c e d u r a l  
v a r i a b l e  of to n e -w i th - n o i s e  v s .  to n e  a lo n e  ( TWN - TA) and  to n e  lev e l .  
W hen the  TA  w a s  v a r i e d  by the  s u b je c t  s m a l l e r  m e a n  lo u d n e s s  i n ­
c r e a s e s  w e r e  show n a t  low and  h ig h  l e v e l s  w h ile  l a r g e r  i n c r e a s e s  w e re  
show n at m e d iu m  to n e  l e v e l s .  W hen th e  TWN w a s  u s e d  a s  th e  c o m ­
p a r i s o n  tone  ( s e e  F ig u r e  5), the  g r e a t e s t  lo u d n e s s  i n c r e a s e  o c c u r r e d  
a t  the  low to n e  le v e l  and  p r o g r e s s i v e l y  s m a l l e r  i n c r e a s e s  w e r e  o b ­
t a in e d  a t  m e d iu m  and  h ig h  to n e  le v e l s .  T h e s e  d i f f e r e n c e s  a r e  s m a l l ,  
g e n e r a l ly  on the  o r d e r  of 0. 5 dB a t  e a c h  tone  le v e l .  Y et, the  v a r ia n c e  
am ong  s u b je c t s  w a s  s m a l l  a l s o  a s  w a s  in d ic a te d  by the  l a c k  of a  s i g ­
n i f ic a n t  e r r o r  t e r m .  T h e r e  i s  no im m e d ia te  ex p la n a t io n  f o r  th e s e  d i f ­
f e r e n c e s  e x c e p t  th a t  a t  low  to n e  le v e l s  so m e  s u b je c t s  r e p o r t e d  th a t  i t
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w a s  m o r e  d if f icu l t  to id en tify  and v a r y  the  to n e -w ith -n o is e  b e c a u s e  the 
tone  w as  v e ry  d if f icu lt  to  h e a r .
O th e r  E f f e c ts
No o th e r  m a in  e f fe c ts  (tone f re q u e n c y ,  tone  le v e l ,  n o is e  le v e l ,  
T W N -T A  and  d i r e c t io n  of i n i t i a l  ap p ro ach )  o r  in t e r a c t io n s  w e r e  s ig n i ­
f ican t.  P o s s ib ly  the r e s u l t s  w e r e  confounded  by the l a r g e  i n t e r  s u b je c t  
v a r i a b i l i ty  and th e  s m a l l  s a m p le  s iz e  im p o s e d  by the  d iv is io n  of the 
s u b je c t s  in to  two g ro u p s .
D is c u s s io n  of the  R e s u l t s  of S tudy I
C le a r ly  the m o s t  s t r ik in g  f a c to r  to  e m e r g e  f r o m  Study I is  
the  im p o r ta n c e  of e a c h  s u b je c t ' s  l i s t e n in g  c r i t e r i o n  in  d e te rm in in g  the  
r e s u l t s  he w il l  p ro d u c e .  It s e e m s  t h a t  ev e n  h igh ly  t r a in e d  and  i n t e r ­
n a l ly  c o n s i s te n t  s u b je c t s  m a y  be t r a i n e d  to  d i f f e r e n t  c r i t e r i a  if  s a f e ­
g u a rd s  a g a in s t  d i f f e re n t  i n t e r p r e t a t i o n s  of the  in s t r u c t io n s  o r  th e  t a s k  
a r e  no t s p e c i f ic a l ly  b u i l t  in to  the  i n s t r u c t io n s .  C o n v e rs e ly ,  i t  i s  
show n in  S tudy II th a t  ev en  in e x p e r i e n c e d  s u b je c t s ,  a lthough  m o r e  i n ­
t e r n a l ly  in c o n s i s t e n t  in  t h e i r  ju d g m e n ts  b e c a u s e  of la c k  of t r a in in g ,  
ca n  p e r f o r m  the  s a m e  d if f icu l t  p s y c h o p h y s ic a l  t a s k  w ith  l e s s  v a r i a t i o n  
in  r e s u l t s  w hen the  i n s t r u c t i o n s  a r e  m o r e  sp e c if ic  and inc lude  su c h  
s a f e g u a rd s .
T he  q u e s t io n  a r i s e s  a s  to  w h a t e x te n t  d i f f e r e n c e s  in  the  w ay 
s u b je c t s  i n t e r p r e t  in s t r u c t io n s  of the  a s s ig n e d  t a s k  m a y  have
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c o n t r ib u te d  to  the  w ide in t e r s u b je c t  v a r i a b i l i ty  th a t  i s  r e p o r t e d  in  m any  
of the  s i m i l a r  s tu d ie s  re v ie w e d  in  C h a p te r  II. F o r  e x a m p le ,  the  5. 3 dB 
ra n g e  in  in d iv id u a l  m e a n  lo u d n e ss  le v e l  s h i f ts  in  the  p r e s e n c e  of c o n ­
t r a l a t e r a l  n o is e  o b ta in ed  by the s u b je c t s  in  S tudy I s e e m s  s m a l l  c o m ­
p a r e d  w ith  th e  r a n g e  of 19 dB in m e a n  Inudnems sh if ts  r e p o r t e d  by 
Shap ley  (29) fo r  h is  s u b je c t s  in a  s i m i l a r  e x p e r im e n t .  Shap ley  a lso  
s ta te d  th a t  e a c h  of h is  s u b je c ts  h ad  b e e n  f a i r l y  c o n s i s te n t  in  h is  own 
ju d g m e n ts .  He a t t r ib u t e d  the  l a r g e  i n t e r s u b je c t  v a r i a b i l i ty  p a r t l y  to 
s m a l l  d i f f e r e n c e s  am ong s u b je c t s '  t h r e s h o l d s  of d e te c ta b i l i ty  but 
m o s t ly  to  the  su b je c t iv e  o b s e rv a t io n s  on th e  p a r t  of so m e  s u b je c t s  
th a t  the  to n a l  c h a r a c t e r i s t i c s  s e e m e d  to  change  in  the  p r e s e n c e  of c o n ­
t r a l a t e r a l  n o is e .  He a l s o  fe l t  th a t  d i f f e r e n t  r e s u l t s  w ould  have  b een  
o b ta in ed  if  c o m p e n s a t io n  fo r  the o b s e rv e d  "p i tc h  s h i f t s "  h a d  b e e n  m a d e  
p r i o r  to  the  lo u d n e ss  m a tc h e s .
P r a t h e r  (24) in v e s t ig a te d  th is  s u b je c t iv e  c h a r a c t e r i s t i c  of 
lo u d n e ss  b a la n c e  m e a s u r e m e n t s  in  a  s i m i l a r  s tudy  by  hav ing  h i s  s u b ­
j e c t s  m a k e  b a la n c e s  f o r  bo th  lo u d n e ss  and p i tch ,  u s in g  s e p a r a t e  c o n ­
t r o l s  f o r  e a c h  and  a l te rn a t in g  b a c k  and  f o r th  un ti l  the  s u b je c ts  fe l t  they  
h a d  m a d e  the  b e s t  b a la n c e  fo r  both . He found  s ig n if ic a n t  d i f f e r e n c e s  
u n d e r  c e r t a i n  co n d i t io n s ,  depending  on w h e th e r  h is  s u b je c t s  b a la n c e d  
f o r  b o th  p i tc h  and  lo u d n e ss  o r  fo r  lo u d n e s s  a lone .  T h e s e  d i f f e r e n c e s  
w e r e  found a t  low f r e q u e n c ie s  and a t e i t h e r  (1) low tone  and  h igh  n o is e  
l e v e l s  (2) low  n o is e  and  h igh  tone le v e l s ,  o r  (3) h ig h  tone  and  high
n o is e  le v e l s .  U nder  th e s e  co n d i t io n s  c o n s i s te n t ly  g r e a t e r  lo u d n e ss  i n ­
c r e a s e s  w e r e  o b ta in e d  w hen  a d ju s tm e n ts  w e r e  m a d e  fo r  p i tc h  a s  w ell  
a s  f o r  lo u d n e ss  d i f f e r e n c e s .
In a r e c e n t  a r t i c l e  S c h a r f  (30) r e p o r t e d  l a r g e  v a r ia b i l i ty  in 
m e a s u r e m e n t s  of d ie h o t ic  lo u d n e ss  b a la n c e s  b e tw e e n  p u re  to n e s  and 
tw o - to n e  c o m p le x e s  v a ry in g  in bandw id th . H is  s u b je c t s  m a tc h e d  the 
lo u d n e s s  of the  d ic h o tic  c o m p le x  to th a t  of a  b in a u ra l  tone ( s a m e  f r e ­
q u en cy  in  bo th  e a r s  w h ich  w a s  s e t  at the  c e n t e r  f re q u e n c y  of the  c o m ­
p le x  (500, 1000, o r  2000 H z). D ich o t ic  and  b in a u ra l  s t im u l i  a l t e r n a t e d  
so  th a t  the  su b je c t  w ould  f i r s t  h e a r  the  s a m e  (c o m p a r iso n )  tone  in  both 
e a r s  an d  th e n  d i f f e r e n t  to n e s  in  e a c h  e a r .  The d if f e re n c e  b e tw ee n  the 
s e t t in g  of e a c h  d ic h o t ic  c o m p o n e n t  w hen  m a tc h e d  by i t s e l f  to  the  b i ­
n a u r a l  tone  cind w hen  m a tc h e d  to g e th e r  w ith  th e  to n a l  co m p o n en t in  the  
o th e r  e a r  w a s  c o n s id e r e d  to  be a m e a s u r e  of o v e r a l l  d ic h o tic  lo u d n e ss  
s u m m a t io n .
S c h a r f  a t t r ib u t e d  the  w ide  v a r i a b i l i t y  b e tw e e n  su b je c ts  to  the 
d i f f e r e n t i a l  a b i l i ty  of c e r t a i n  s u b je c t s  to  m e n ta l ly  s p l i t  the a u d i to ry  
im a g e  in to  tw o d i s t i n c t  p a r t s  w h ich  c o r r e s p o n d  to the  co m p o n en ts  of 
the  co m p le x .  He s ta te d ;  "U n d e r  d ic h o t ic  s t im u la t io n  a  s u b je c t  can  
u s u a l ly  m a k e  two d i f f e r e n t  lo u d n e s s  ju d g m e n ts ,  one of o v e r a l l  lo u d ­
n e s s  an d  the  o th e r  of the  c o m p o n en t  lo u d n e s s .  . . . F o llow ing  in s t r u c ­
t io n s  th e  l i s t e n e r  can  o f ten  a t te n d  to  one co m p o n en t  of a c o m p le x  o r  
to  the  w hole  c o m p lex .  "
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The com ponen t lo u d n e s s -m a tc h in g  a b i l i ty  of the s u b je c t s  w as
in v e s t ig a te d  f u r th e r  by p r e s e n t in g  the  c o m p a r i s o n  tone  m o n a u ra l ly
" to  the sam e  e a r  and  at the s a m e  f re q u e n c y  a s  the d ich o tic  c o m p lex
th a t  w as  being  judged . " S c h a r f  d e s c r ib e d  the p r o c e d u r e  a s  fo llow s;
When he c l e a r ly  sp l i t  the co m p le x  the  s u b je c t  h e a r d  a  p u re  
tone in one e a r  on e v e r y  p r e s e n ta t io n ;  on e v e ry  o th e r  p r e s e n ­
ta t io n  th is  tone w as a c c o m p a n ie d  by a  tone of a  d i f f e re n t  f r e ­
quency  in  the o th e r  e a r .  The su b je c t  w as  to ld  to ig n o re  the  
tone in  the o th e r  e a r  and m a tc h  the r e p e a t in g  tone to i t s e l f .  He 
f i r s t  a d ju s te d  the  u n a c c o m p a n ie d  m o n a u ra l  tone to  m a k e  i t  as 
loud  as  the d icho tic  com ponen t.  L a t e r  the  m o n a u ra l  tone w as  
s e t  to  a  le v e l  c h o sen  by the  s u b je c t  and  he  a d ju s te d  the  le v e l  of 
the w hole c o m p lex  un ti l  the  lo u d n e ss  of the  a p p ro p r ia te  c o m ­
ponent e q u a l le d  th a t  of the m o n a u ra l  tone .
The r e s u l t s  of th e s e  e x p e r im e n t s  in d ic a te d  th a t  w hen  s u b je c t s  
w e r e  m aking  o v e ra l l  lo u d n e ss  ju d g m e n ts  the  in t e r  su b je c t  v a r i a b i l i ty  
in c r e a s e d  as  the f r e q u e n c y  s e p a r a t io n  b e tw e e n  the  to n e s  in  the  d ic h o tic  
co m p lex  in c r e a s e d ,  b e c a u s e  i t  b e c a m e  m o r e  d if f icu lt  to  co m b in e  the 
co m p o n en t to n e s  in to  a  s in g le  sound  im a g e .  H o w e v e r ,  w hen su b je c t s  
b a la n c e d  the  lo u d n e ss  of e ac h  c o m p o n en t tone in  the  c o m p le x  w ith  the  
m o n a u ra l  c o m p a r i s o n  tone the t a s k  b e c a m e  e a s i e r  a s  the f re q u e n c y  be­
tw een  the to n e s  in  the  d ich o tic  c o m p le x  in c r e a s e d .
A s i m i l a r  cond ition  w a s  found in  the  p r e s e n t  study. S u b je c ts  
#1 and #3 (who b a la n c e d  the o v e r a l l  t o n e -w i th -n o is e  s ig n a l  w ith  the 
tone  h e a r d  alone) r e p o r t e d  th a t  the  t a s k  w as  e a s i e r  w hen b a la n c in g  the  
1000-H z to n e s  in  the  p r e s e n c e  of the  n a r r o w - b a n d  c o n t r a l a t e r a l  n o ise  
(in  w hich  the tone w as  c e n te re d ) .  S u b je c ts  #2 and  #4 who t r i e d  to
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m e n ta l ly  b lock  out the c o n t r a l a t e r a l  no ise  and c o n c e n t r a te  on the  tona l  
com ponen t d u r in g  lo u d n e ss  jud g m en ts )  r e p o r t e d  th a t  the lo u d n e s s -  
b a la n c e  ta s k  w as  m o r e  d if f icu l t  u n d e r  the above cond ition  but w as  
e a s i e r  when the tone f re q u e n c y  and  the c e n te r - f r e q u e n c y  of the  n a r ro w ­
b and  no ise  w e re  d i f fe re n t .
S c h a r f  (30) a t t r ib u t e d  the  la c k  of a g r e e m e n t  b e tw ee n  c e r t a in
r e s u l t s  of h is  s tudy  and  th o se  of a s im i l a r  s tudy  by von B e k e s y  (3) to
d i f f e r e n c e s  in  in s t r u c t io n s .  W h e re a s  S c h a r f  s d a ta  show ed th a t  the
ju d g m en t  of o v e r a l l  lo u d n e ss  i s  in d e p en d en t of the f r e q u e n c y  s e p a r a t io n
of the  d icho tic  to n a l  c o m p le x  and  th a t  c o m p o n en t lo u d n e ss  ju d g m e n ts
p ro d u c e d  lo u d n e ss  i n c r e a s e s  w ith in c r e a s e d  s e p a r a t io n  of the to n e s  in
the  d icho tic  co m p lex ,  von  B e k e s y 's  r e s u l t s  show ed th a t  d ic h o tic  loud-.
n e s s  d e c r e a s e s  a s  the  f re q u e n c y  . s e p a r a t io n  ( AF) i n c r e a s e s  (3, I960 ,
pp 223-227). S c h a r f  e x p la in s  th i s  d i s c r e p a n c y  a s  fo llow s:
A lthough von B e k e s y  a p p a re n t ly  in ten d ed  to  m e a s u r e  o v e r - a l l  
lo u d n e ss  h i s  p r o c e d u r e  and  in s t r u c t io n s  s e e m e d  to  le a d  the  
s u b je c t  to  judge  p r i m a r i l y  the c o m p o n en t lo u d n e ss .  Von B e k e s y  
t r i e d  ' to  f ix  the  a t te n t io n  of the  s u b je c t  in  such  a  w ay th a t  he 
r e g a r d e d  the  v a r i a b le  f r e q u e n c y  in  the  o th e r  e a r  a s  a  d i s t u r b ­
ance  th a t  m ig h t  a l t e r  the  lo u d n e ss  of the  b a s e  tone of c o n s ta n t  
f req u en cy .  . . .  In  fo llow ing  th is  in s t ru c t io n ,  h is  s u b je c ts  
w ould  be  e x p e c te d  to  judge  the  o v e r - a l l  lo u d n e ss  on ly  at the  
n a r r o w e s t  A F ' s ;  a s  soon a s  the  d ic h o tic  c o m p lex  b e g in s  to  
s p l i t  up (w hich  o c c u r s  a t  v e ry  n a r r o w  A F ' s  w hen a  s i le n t  i n ­
t e r v a l  i s  o m it te d ) ,  m o r e  a t te n t io n  w ould  be p a id  to  th e  c o m ­
ponen t lo u d n e ss  w h ich  h o w e v e r ,  w ould  b e  en h an c ed  by  the  c o n ­
t r a l a t e r a l  tone . I w a s  p ro b a b ly  unab le  to  ob ta in  von  B e k e s y 's  
r e s u l t s  b e c a u s e ,  in  m y  re p l i c a t io n ,  I a s k e d  the  s u b je c ts  to  i g ­
n o re  the tone  in  the o th e r  e a r .  R a th e r  than  en h an ce  the lo u d ­
n e s s  of the i p s i l a t e r a l  com ponen t,  the c o n t r a l a t e r a l  co m ponen t 
i n t e r f e r e d  w ith  it .  (30, p. 1203)
S c h a r f  co n c lu d ed  th a t  ju d g e m e n ts  of th e  lo u d n e s s  of a
d ic h o t ic  c o m p le x  depend  v e r y  m u c h  on in s t r u c t io n s  and p r o c e d u r e .  
P r o b a b ly  the m o s t  m ean in g fu l  m e a s u r e  of o v e r a l l  lo u d n e ss  i s  the  one 
b a s e d  upon  in s t r u c t io n s  th a t  im p l ic i t e ly  a s k  the  s u b je c t  to judge  o v e r ­
a ll  lo u d n e s s  and a  p r o c e d u r e  th a t  f a c i l i t a t e s  th i s  ta sk ,  "
The above o b s e rv a t io n  s e e m s  to  h o ld  t r u e  a lso  fo r  the  t a s k  
of m o n a u r a l  lo u d n e ss  b a la n c e s  in  th e  p r e s e n c e  of c o n t r a l a t e r a l  n o is e .
I t  m a y  be s e e n  in  the  r e s u l t s  of S tudy II th a t ,  in  r e s p o n s e  to  m o r e  
s p e c if ic  i n s t r u c t io n s ,  ev en  in e x p e r ie n c e d  l i s t e n e r s  show ed  l e s s  v a r i a ­
t io n  a c r o s s  s u b je c t s ,  ev en  though th e y  a l l  h a d  a  te n d en cy ,  a t  t i m e s ,  
to  sh if t  to  a  d i f f e re n t  l i s te n in g  c r i t e r i o n .
The im p o r ta n c e  of i n s t r u c t i o n s  h a s  b e e n  e m p h a s iz e d  in  o th e r  
p s y c h o p h y s ic a l  a r e a s  of a u d i to ry  r e s e a r c h .  A c a s e  in  p o in t  i s  P o l l a c k s  
s tu d y  (22) w h ich  r e p o r t e d  d i f f e r e n c e s  in  t h r e s h o l d  s e n s i t iv i ty  of up to  7 
dB depend ing  on w h e th e r  th e  s u b je c t  w a s  a s k e d  to  r e s p o n d  w h en  he 
f i r s t  h e a r d  the  " to n e "  o r  to  r e s p o n d  w hen  he f i r s t  h e a r d  a  sound  of any 
ty p e  o r  qua l i ty .
In  a  s tudy  d e s ig n e d  in  p a r t  to  d e t e r m in e  the  im p o r ta n c e  of i n ­
s t r u c t io n s  to s u b je c t s  in  lo u d n e s s  a d a p ta t io n  e x p e r im e n t s  S to k in g e r  
(34) found a  d i f f e re n c e  of 28. 5 dB b e tw e e n  th e  m e a n  v a lu e s  of a d a p ta ­
tion  o b ta in e d  on 10 t r a i n e d  s u b je c t s  depend ing  upon w h e th e r  the  s u b ­
j e c t  w as  a s k e d  to  m a k e  ju d g m e n ts  on the  b a s i s  of e q u a l  lo u d n e s s  
b a la n c e s  o r  on the  b a s i s  of lo c a l iz in g  a  f u s e d  sound  im a g e  a t  the
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m id l in e  of the h e a d  u n d e r  id e n t ic a l  s im u l t a n e o u s l y - p r e s e n t e d  s t im u lu s  
co n d i t io n s .
S e v e ra l  of S to k in g e r 's  s u b je c t s  r e p o r t e d  c o n s id e r a b le  d i f f i ­
c u l ty  in  m ak in g  lo c a l iz a t io n  ju d g m e n ts ,  s in ce  th e  8 0 -dB  a d ap t in g  tone 
'a p p e a r e d  fu z z y '  o r  lo s t  m u c h  of i t s  to n a l i ty  o r  c l e a r n e s s  by the t im e  
the  ju d g m e n ts  w e r e  m a d e ,  e s p e c i a l l y  w hen  the  c o m p a r i s o n  tone  w as  
in t ro d u c e d .  S im i la r  c o m m e n ts  by s u b je c t s  in  th e  p r e s e n t  s tudy , along 
w ith  o th e r  r e m a r k s  about the  tone be ing  p r e s e n t e d  w ith  the  c o n t r a l a t ­
e r a l  n o is e  s e e m in g  to  c r o s s  o v e r  and  b le n d  w ith  the  n o is e ,  m ay  r e l a t e  
to  a  m e c h a n i s m  by w h ich  c o m m o n  e le m e n t s  in  the  n o ise  m a y  s u m m a te  
w ith  the  tone  in  su ch  a  m a n n e r  a s  to change  the  q u a l i ty  of th e  tone  and  
p ro d u c e  a  lo c a l iz a t io n  e ffec t .
D e sp i te  th e  e v id e n c e  c i te d  above th a t  th e  n e a r l y  equa l and 
o p p o s i te  r e s u l t s  o b ta in e d  by  G ro u p s  #1 and #2 in  S tudy I r e s u l t e d  f r o m  
d i f f e r e n c e s  in  l i s te n in g  c r i t e r i a ,  o th e r  p o s s ib le  e x p la n a t io n s  m u s t  be 
e n te r ta in e d .  It i s  known, fo r  e x a m p le ,  th a t  s o m e  in d iv id u a ls  ca n  v o l ­
u n ta r i ly  c o n t r a c t  th e  m id d le  e a r  m u s c l e s  (21, 25, 32). I t  i s  p o s s ib le  
th a t  S u b je c ts  #2 and  #4 in  th i s  s tudy  w e r e  unw itt in g ly  e l ic i t in g  the  
a c o u s t ic  r e f l e x  in  o r d e r  to  sh u t  out the  c o n t r a l a t e r a l  n o is e  d u r in g  s o m e  
of th e  lo u d n e ss  ju d g m e n ts .  R e g e r  (25) r e p o r t s  "T h e  w r i t e r  l e a r n e d  
th a t  in d iv id u a ls  who c a n  c o n t r a c t  th e i r  i n t r a  ty m p a n ic  m u s c l e s  can  
p ro d u c e  a  m a r k e d  su b je c t iv e  t r a n s m i s s i o n  l o s s  by c o n t ra c t in g  th e s e  
m u s c l e s  w h ile  e x p o s e d  to  u n c o m fo r ta b ly  loud  low f re q u e n c y  sounds .  "
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The o b s e rv a t io n  th a t  s u b je c t s  #2 and #4 d id  no t show a g r e a t e r  
f r e q u e n c y  d ép en d a n ce  in  t h e i r  r e s u l t s  th a n  the  o th e r  two s u b je c t s  f a i l s  
to  s u p p o r t  th i s  h y p o th e s is .
I t  i s  in t e r e s t in g  to  no te  th a t  S u b jec t  #2 in  the  p r e s e n t  s tu d y  is  
a l s o ,  by c o in c id e n c e ,  the s a m e  in d iv id u a l  who w as  S ub jec t  #2 in  
S to k in g e r 's  s tudy  w h e re  h is  r e s u l t s  w e r e  so d ev ia n t  a s  to  r e q u i r e  a 
s p e c ia l  p r o c e s s in g  of the  d a ta  bo th  w ith  and  w ithou t th is  s u b j e c t ' s  r e ­
s u l t s  in c lu d ed .  U nder  c o n d i t io n s  in  w h ich  a l l  o th e r  s u b je c t s  e x p e r i ­
e n c e d  c o n s id e r a b le  lo u d n e ss  a d a p ta t io n ,  th i s  s u b je c t  e x p e r i e n c e d  no 
su c h  a d a p ta t io n  and  even  sh o w ed  lo u d n e s s  i n c r e a s e s  in  so m e  c a s e s .
One p o s s ib le  ex p la n a t io n  f o r  th i s  i s  th a t  he  w as  v o lu n ta r i ly  a l though  
p e r h a p s  u n w iü in g ly  c o n t ra c t in g  h i s  m id d le  e a r  m u s c l e s  in  r e s p o n s e  to  
th e  an n o y an ce  of the 50 -dB  ad ap t in g  tone .
I t  co u ld  a l s o  be  a rg u e d ,  in  the  c a s e  of S to k in g e r 's  s tu d y ,  th a t  
th e  d e v ia n t  r e s u l t s  of S u b jec t  #2 co u ld  be  a t t r ib u te d  to  a  d i f f e r e n t  l i s ­
te n in g  c r i t e r i o n .  T h a t  a  d i f f e r e n c e  in  su b je c t iv e  l i s te n in g  c r i t e r i o n  
e x i s t e d  i s  r e f l e c t e d  in  S to k in g e r 's  n o ta t io n  of th i s  s u b je c t ' s  r e m a r k ­
ab le  i n t e r n a l  c o n s is te n c y  in  lo u d n e s s  and lo c a l iz a t io n  ju d g m e n ts  w hen  
c o m p a r e d  w ith  the  o th e r s ;  "A l l  e x c e p t  S u b jec t  #2 r e p o r t e d  e i t h e r  a 
change  in  th e  p i tc h  of the a d a p t in g  tone  o r  a  change  in  i t s  q u a l i ty  o r  
both . T he  q u a l i ty  change  w a s  d e s c r i b e d  by m o s t  s u b je c t s  a s  a  ' f u z z '  
o r  'n o i s e '  acco m p an y in g  th e  to n e .  S u b jec t  #2 r e p o r t e d  n e i th e r  ch an g e .  
T h u s ,  a p p a re n t ly ,  he  w as  ab le  to  b a la n c e  two s t im u l i  w h ich  a p p e a r e d
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to  h im  to be id e n t ic a l  in p i tc h  and qua lity .  L o u d n ess  b a la n c e s  a r e  
m o r e  r e l i a b le  w hen  the  p i t c h e s  of the s t im u l i  a r e  the  s a m e ,  thus  the 
la c k  of c l a r i ty  o r  the  change  in  p itch  of the  adap ting  tone no ted  by a l l  
s u b je c ts  e x c e p t  S ubjec t #2 m a y  have c o n t r ib u te d  to  the l a r g e r  v a r i a ­
b il i ty  of t h e i r  r e s p o n s e s "  (34).
In  an  a t te m p t  to  f ind  r e a s o n s  fo r  the  d iv e rg e n t  r e s u l t s  found 
in  Study I a  s eco n d  study w as  c a r r i e d  out in  w h ich  in s t r u c t io n s  w e re  
c a re fu l ly  r e w o r d e d  in  an e f fo r t  to  hav e  a l l  s u b je c ts  u s e  the s a m e  c r i ­
te r io n .  A r e p o r t  of th is  s tudy  fo llow s.
R e s u l t s  of Study II 
In  th i s  s tudy  a l l  s u b je c t s  w e re  r e q u e s te d  to  m a in ta in  the s a m e  
l is te n in g  c r i t e r i o n  a s  th a t  d e s c r ib e d  f o r  G ro u p  #1 (S u b jec ts  #1 and #3) 
in  the f i r s t  s tudy  (s e e  pag e  53). T h e i r  ab i l i ty  to  m a in ta in  th i s  c r i ­
t e r i o n  i s  in d ic a te d  by the  o v e r a l l  m e a n  lo u d n e ss  i n c r e a s e  of 2. 8 dB, 
ob ta ined  fo r  a l l  s u b je c t s  a c r o s s  c o n d it io n s .  T h is  v a lu e  c o m p a r e s  
fa v o ra b ly  w ith  the m e a n  of 2. 4 dB o b ta in ed  by G ro u p  #1 of S tudy I 
a c r o s s  the  s a m e  co n d i t io n s .  The o v e r a l l  m e a n s  f o r  e a c h  su b je c t  
r a n g e d  f r o m  2. 0 dB f o r  S u b jec t  #4 to  3. 8 dB fo r  S ub jec t #1. T h is  
ra n g e  of only 1. 8 dB s u g g e s ts  th a t  th e s e  p re v io u s ly  in e x p e r ie n c e d  s u b ­
j e c t s  w e re  u s in g  e s s e n t i a l ly  the  s a m e  l i s te n in g  c r i t e r io n .  T h e r e  w e r e  
no m e a n  lo u d n e ss  d e c r e a s e s  o b ta in ed  in  the  p r e s e n t  s tudy  u n d e r  any 
condition .
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The a n a ly s i s  of v a r i a n c e  b a s e d  upon the d a ta  p ro d u c e d  by the 
fo u r  in e x p e r ie n c e d  s u b je c ts  u n d e r  each  of the  c o n d it io n s  in v e s t ig a te d  
i s  p r e s e n te d  in  T ab le  1. Only the  m a in  e f fe c ts  a r e  r e c o r d e d .  H ighly  
s ig n if ic a n t  d i f f e r e n c e s  a r e  in d ic a te d  f o r  tone f re q u e n c y .  S ig n if ican t  
d i f f e r e n c e s  a r e  a lso  shown w ith  r e s p e c t  to tone le v e l .  T h e  p r o c e d u r a l  
e f fec t  of dow n-up  w as  s ig n if ic a n t  a t the . 05 le v e l .
T h e re  w e r e  no s ig n if ic a n t  i n t e r a c t io n s  b e tw ee n  any of the 
m a in  v a r i a b le s  in v e s t ig a te d .  T h i s ,  in  p a r t ,  m a y  be  r e l a t e d  to the 
r e la t iv e ly  l a r g e  s ize  of the  e r r o r  t e r m s  fo r  th e s e  m e a s u r e s .  The 
a n a ly s i s  of v a r ia n c e  r e s u l t s  fo r  th e s e  i n t e r a c t io n s  i s  t a b u la te d  s e p a r ­
a te ly  in  the appendix .
In the  following s e c t io n s  the  m a in  e f fe c ts  a r e  d i s c u s s e d  in d i ­
v id u a l ly ,  fo llow ed  by a d i s c u s s io n  of th e i r  in t e r r e l a t i o n s h ip s  and  of 
th e i r  r e l a t io n s h ip s  to  the  r e s u l t s  of o th e r  s tu d ie s .
N o ise  Type
The r e s u l t s  of th is  s tudy  show no s ig n if ic a n t  d i f f e r e n c e s  as  
a  func tion  of n o is e  type.
A lthough the  m e a n  lo u d n e s s  i n c r e a s e s  o b ta in ed  a c r o s s  c o n d i­
t io n s  w e re  0. 9 dB h ig h e r  u n d e r  the  n a r r o w - b a n d  n o is e  co n d it io n  the 
d if f e re n c e  d id  not r e a c h  s t a t i s t i c a l  s ig n if ic a n c e ,  w h e r e a s  an  o v e r a l l  
m e a n  d i f fe re n c e  of 1 .4  dB in  th e  s a m e  d i r e c t io n  o b ta in ed  in  the f i r s t  
s tudy  w as  s ig n if ic a n t  at the  0. 5 le v e l .  Two f a c t o r s  m a y  be r e s p o n s ib le
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TABLE 1
SUMMARY O F THE ANALYSIS O F  VARIANCE 
O F  STUDY II - -  MAIN E F F E C T S  ONLY
D e g re e s  of
S o u rce  F r e e d o m
M ean
S q u a re F
S u b jec ts 3 110 .62 0. 86
N o ise  Type 1 121. 91 0. 95
N o ise  Type X S ub jec t  ( E r r o r ) 3 128. 05 39. 47 ’^
N o ise  L ev e l 1 0. 99 0. 08
N o ise  L ev e l  X S u b jec ts  ( E r r o r ) 3 1 2 .42 3. 83^
Tone F re q u e n c y 2 39. 59 13. 2 l "
Tone F re q u e n c y  X S ub jec t  ( E r r o r ) 6 2 .9 9 0. 92
Tone L e v e l 2 85. 26 5. 22^
Tone L e v e l  X S u b je c ts  ( E r r o r ) 6 1 6 . 32 5. 03^
P r o c e d u r a l  V a r ia b le  T W N -T A 1 1. 77 2. 45
T W N -T A  X S u b jec t  ( E r r o r ) 3 0. 72 0. 22
P r o c e d u r a l  V a r ia b le  D O W N -U P 1 129. 39 19. 57^
D O W N -U P X S u b je c ts  ( E r r o r ) 3 6. 6l 2. 04
W ith in  C e l l  436 3, 24
^S ig n if ican t  a t the  . 05 le v e l  of con fidence .  
^ S ig n if ic an t  a t th e  . 01 le v e l  of con fidence .
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fo r  th i s  d i s c r e p a n c y .  T he  f i r s t  i s  th a t  the  s a m p le  s iz e  i s  no t  l a r g e  
enough  to  p ro d u c e  c o n s i s te n t ly  s ig n if ic a n t  d i f f e r e n c e s  a t  the 0. 5 le v e l  
w ith  r e a l  d i f f e r e n c e s  in  the n e ig h b o rh o o d  of 0. 9 to  1 .4  dB.
The s e c o n d  p o s s ib i l i ty  i s  th a t  the  s ig n if ic a n t  d i f f e re n c e  in  
n o is e  type in  Study I w as  in f lu e n c e d  p r i m a r i l y  by the d i f f e r e n c e s  in  
lo u d n e s s  change  e x p e r i e n c e d  by S u b je c ts  #2 and  #4 (the lo u d n e ss  d e ­
c r e a s e  s u b je c ts ) .  S u b je c ts  #1 and #3 in  Study I p ro d u c e d  r e s u l t s  v e r y  
s i m i l a r  to th o s e  s e e n  in  F ig u r e  6 fo r  S u b jec ts  #1 , #3 and #4 in  Study 
II. I t  i s  n o ted  a lso  th a t  the r e s p o n s e s  of only one s u b je c t  (#2) a r e  
l a r g e ly  r e s p o n s ib le  fo r  the g r e a t e r  lo u d n e s s  i n c r e a s e  fo r  the  n a r r o w ­
b an d  n o is e  cond it io n  and  a l s o  fo r  the  l a r g e  e r r o r  t e r m .  T h u s ,  of the  
s ix  s u b je c t s  showing lo u d n e s s  i n c r e a s e s  in  the two s tu d ie s  only one 
a p p e a r s  to  p e r f o r m  d i f f e r e n t ly  w ith  r e s p e c t  to  the two n o is e  ty p e s .
N o ise  L e v e l
The m e a n  lo u d n e s s  le v e l  i n c r e a s e  w ith  the low le v e l  n o is e  
w a s  2. 8 dB and  th e  m e a n  lo u d n e s s  le v e l  i n c r e a s e  w ith  th e  h igh  le v e l  
n o is e  w a s  2. 9 dB, a  d i f f e r e n c e  of only 0. 1 dB w hich , of c o u r s e ,  w as  
n o t s ig n if ic a n t  a t th e  . 0 5  le v e l .  T h e r e  w a s  c o n s id e r a b le  v a r i a t io n  
am ong  s u b je c t s .  Two s u b je c t s  o b ta in ed  g r e a t e r  lo u d n e ss  i n c r e a s e  u n ­
d e r  th e  h igh  n o is e  cond ition ; th e  o th e r  two show ed the  o p p o s i te  e f fec t .  
S im i l a r  r e s u l t s  w e r e  o b ta in e d  in  th e  f i r s t  study . T he  la c k  of a  s ig n i ­
f ic a n t  in t e r a c t io n  b e tw ee n  n o is e  le v e l  and  t e s t  tone f r e q u e n c y  in d ic a te s
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Figure 6 -  M ean loudness lev e l increase p lotted  for each subject as a function  of noise type
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th a t  the la c k  of the s ig n if ic a n c e  of the n o ise  le v e l  f a c to r  i s  co m m o n  to 
a l l  t e s t  tone f r e q u e n c ie s .
Tone F re q u e n c y
F ig u r e  7 show s the  m e a n  lo u d n e ss  le v e l  i n c r e a s e  o b ta in ed  in  
n o is e  as  a  func tion  of tone  f re q u e n c y .  T he to n e - f r e q u e n c y  f a c to r  w as  
s ig n if ic a n t  a t  the . 01 le v e l .  The g r e a t e s t  lo u d n e ss  i n c r e a s e  of 3, 3 dB 
i s  se e n  a t 1000 H z, w hile  the s m a l l e s t  in c r e a s e  of 2 .4  dB i s  show n a t  
500 Hz. A lthough the  r e l a t iv e  d i f f e r e n c e s  in  lo u d n e ss  i n c r e a s e  shown 
be tw ee n  f r e q u e n c ie s  i s  s m a l l  a ll  s u b je c ts  fo llow ed  a s i m i l a r  p a t t e r n  
in  t h e i r  r e s p o n s e s  p ro d u c in g  the  s ig n if ic a n t  e ffec t .  A f u r th e r  b r e a k ­
down of the  d a ta  by s u b je c t s  is  show n in  F ig u r e  8, w h ich  i l l u s t r a t e s  
no t only the  c o n s is te n t  r e s p o n s e  p a t t e r n s  a t the  v a r io u s  f r e q u e n c ie s  
bu t  a l s o  th e  s m a l l  ra n g e  of v a r i a b i l i ty  a c r o s s  s u b je c t s  w h ich  i s  r e ­
f le c te d  in  a  s m a l l  e r r o r  t e r m  ( se e  T a b le  1).
S im i la r  r e s u l t s  w e r e  o b ta in ed  in  the f i r s t  s tudy  w ith  r e s p e c t  
to the p a t t e r n  of r e s p o n s e ,  bu t they  w e re  not s ig n if ic a n t  a p p a re n t ly  due 
to  the  g r e a t e r  i n t e r  s u b je c t  v a r i a b i l i ty  in  th a t  study.
The t e s t  tone  f r e q u e n c y  e f fe c t  h a s  a l s o  b e e n  found to be a 
s ig n if ic a n t  v a r ia b le  in  o th e r  s im i l a r  s tu d ie s  (24, 29, 35).
T one  L e v e l
S ig n if ic an t  d i f f e r e n c e s  in  lo u d n e ss  i n c r e a s e  a c r o s s  co n d i t io n s  
as  a func tion  of tone  le v e l  a r e  p r e s e n te d  in  F ig u r e  9. The g r e a t e s t
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F ig u r e  9  -  M e a n  lo u d n e s s  l e v e l  i n c r e a s e  fo r  a l l  s u b j e c t s  c o m b i n e d  a c r o s s  a l l  o t h e r  c o n d i t i o n s
p l o t t e d  a s  a  f u n c t i o n  o f  t o n e  l e v e l
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lo u d n e ss  i n c r e a s e s  w e r e  g e n e r a l ly  o b ta in e d  at the  m e d iu m  tone  le v e ls ,  
w h ile  the s m a l l e s t  i n c r e a s e s  a lw ay s  a p p e a r  a t  the h igh  tone  le v e l s .  
T h is  i s  t r u e  fo r  a l l  s u b je c t s  e x c e p t  S u b jec t  #3 who o b ta in e d  the g r e a t ­
e s t  lo u d n e ss  i n c r e a s e s  a t  low  tone  le v e ls .  The to n e - l e v e l  e f fec t  is  
s ig n if ic a n t  in  sp i te  of the  r e l a t i v e ly  l a r g e  in t e r s u h j f i r t  v a r ia t io n  as  
show n in F ig u r e  10.
T he  s ig n i f ic a n t  to n e  le v e l  e f fe c t  found in  th i s  s tu d y  a g r e e s  
w ith  the r e s u l t s  o b ta in e d  in  th e  s tu d ie s  of L oeb  and R io p e l le  (17), 
P r a t h e r  (24) an d  V ig ra n  (35), bu t d i f f e r s  w ith  the  n o n - s ig n i f i c a n t  r e ­
su lt  found by S hap ley  (29).
P r o c e d u r a l  V a r ia b l e s  
T h e r e  w e r e  no s ig n i f ic a n t  d i f f e r e n c e s  o r  in t e r a c t i o n s  w ith  r e ­
g a r d  to  w h e th e r  a  s u b je c t  v a r i e d  the  tone  h e a r d  a lone  o r  the  one w h ich  
w a s  p r e s e n t e d  w ith  the  c o n t r a l a t e r a l  n o is e .  T h is  f ind ing  i s  n o ta b le  in  
v iew  of the  c o m p la in t  by m o s t  of the  s u b je c t s  th a t  a  lo u d n e s s  b a la n c e  
w as  m o r e  d i f f ic u l t  to  a c h ie v e  w h en  the  to n e  they  w e r e  r e q u i r e d  to  v a r y  
w a s  p r e s e n t e d  w ith  the  n o i s e ,  e s p e c i a l l y  a t  h ig h  n o is e  and  low tone 
le v e l s .  T h is  r e s u l t  i s  a l s o  in  c o n t r a s t  w ith  th e  s ig n i f ic a n t  in t e r a c t io n  
o b s e r v e d  b e tw e e n  T W N -T A  and  tone  le v e l  in  Study I.
T h e r e  w as  a l s o  a  s m a l l  e r r o r  t e r m  show n f o r  the  s u b je c t s  in  
the  p r e s e n t  s tu d y  in d ic a t in g  th a t  the  r e s p o n s e s  of in d iv id u a l  s u b je c t s  
w e r e  f a i r l y  h o m o g e n e o u s  w ith  r e s p e c t  to  w h e th e r  the  to n e  a lone  o r
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F i g u r e  10 -  M e a n  l o u d n e s s  l e v e l  i n c r e a s e  a c r o s s  a l l  o t h e r  c o n d i t i o n s  p l o t t e d  fo r  e a c h
s u b j e c t  a s  a  f u n c t i o n  o f  t o n e  l e v e l
to n e -w i th - n o is e  w as  ad ju s ted .
T h e r e  w as  a s ig n if ic a n t  d i f f e re n c e  in  the m a g n itu d e  of lo u d ­
n e s s  i n c r e a s e  a s  a function  of w h e th e r  the su b je c t  m a d e  an in i t ia l  a p ­
p ro a c h  to  the b a la n c e d  cond it ion  f r o m  a  tone le v e l  be low  o r  above the 
f in a l  b a la n c e  in te n s i ty .  T h is  find ing  w as  s ig n if ic a n t  a t the . 05 le v e l  of 
confidence .
A g r e a t e r  m e a n  lo u d n e ss  i n c r e a s e  of a p p ro x im a te ly  1. 0 dB 
w as  ob ta ined  w hen the in i t ia l  a p p ro a c h  to  the b a lan ced  cond ition  w as  
f r o m  below . I t  w as  n o te d  th a t  the  m a g n itu d e  of th is  d i f fe re n c e  w as  
c o n s id e ra b ly  g r e a t e r  u n d e r  the b ro a d -b a n d  n o is e  condition ; h o w ev e r ,  
the  in t e r a c t io n  b e tw ee n  the  d i r e c t io n  of a p p ro a c h  and  n o is e  type w as  
no t s t a t i s t i c a l l y  s ig n if ic a n t .  The s m a l l  e r r o r  t e r m  in d ic a te s  v e r y  
l i t t l e  i n t e r  s u b je c t  v a r ia b i l i ty  fo r  th i s  p r o c e d u r a l  v a r ia b le .
R e la t io n s h ip s  B e tw e e n  S t im u lu s  P a r a m e t e r s  
And C o m p a r is o n  w ith  O th e r  S tud ies
A m o r e  d e ta i le d  b re a k d o w n  of the  d a ta  o b ta in ed  in  th i s  study 
i s  show n in  F ig u r e s  I I  a ,  b , c ,  and  d. F ig u r e s  1 1 a  and  b show lo u d ­
n e s s  i n c r e a s e s  a s  a func tion  of tone  le v e l ,  w ith  f r e q u e n c y  as  the  r u n ­
ning p a r a m e t e r ,  a t  low  and  h igh  le v e ls  of b r o a d - b a n d  n o is e .  F ig u r e s  
1 1 c  and d show the s a m e  r e l a t io n s h ip s  o b ta in ed  u n d e r  the  n a r r o v / -  
b a n d  n o is e  condition .
E a c h  p o in t  r e p r e s e n t s  a  m e a n  of 16 o b s e rv a t io n s ,  w h ich  i n ­
c lu d e s  fo u r  m e a s u r e s  w ith  d if fe r in g  p r o c e d u r a l  v a r i a b le s  (T W N -T A ,
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dow n-up) fo r  e a c h  of the  four s u b je c ts .
Tone L e v e l  and  N o ise  R e la t io n s h ip s  a t  1000 H z  
W ith  one e x ce p tio n  the  g r e a t e s t  lo u d n e ss  i n c r e a s e s  o b ta in ed  
fo r  the 1000-H z tone in  the p r e s e n c e  of c o n t r a l a t e r a l  n o is e  w e re  found  
a t  m e d iu m  tone  le v e ls  r e g a r d l e s s  of the  n o is e  type o r  n o is e  lev e l .  It 
w i l l  be r e c a l l e d  th a t  the  m e d iu m  tone l e v e l s  u s e d  in  th i s  s tudy  w e re  
s e l e c t e d  to  a p p ro x im a te  the  s p e c t r u m  le v e l  of the  n o is e  r e g a r d l e s s  of 
n o is e  type  o r  n o is e  le v e l .  T h e se  r e s u l t s  th en  s u p p o r t  R o w le y 's  (27) 
o b s e r v a t io n  th a t  the  g r e a t e s t  lo u d n e ss  i n c r e a s e s  ob ta in ed  fo r  a  1000-H z 
to n e  h e a r d  in  the  p r e s e n c e  of a  b r o a d - b a n d  c o n t r a l a t e r a l  n o is e  w il l  o c ­
c u r  a t  tone  le v e l s  w hich  a p p ro x im a te  th e  s p e c t r u m  le v e l  of the  n o is e  
and  th a t  i f  the  to n e  le v e l  i s  above o r  b e lo w  the  n o is e  s p e c t r u m  le v e l  
p r o g r e s s i v e l y  s m a l l e r  lo u d n e ss  i n c r e a s e s  w il l  be  o b ta ined .  The e x ­
c e p t io n  m e n t io n e d  above o c c u r r e d  a t  th e  h igh  n o is e  le v e l  u n d e r  the 
n a r r o w - b a n d  n o is e  cond ition . T h e r e ,  the  g r e a t e r  lo u d n e ss  i n c r e a s e  
i s  found  a t  the  low tone  le v e l  w ith  s m a l l e r  i n c r e a s e s  o c c u r r in g  a t 
m e d iu m  and  high  tone le v e l s  in  an  a lm o s t  l i n e a r  r e la t io n s h ip .  W ithout 
e x c e p t io n ,  h o w e v e r ,  the  s m a l l e s t  lo u d n e s s  i n c r e a s e s  fo r  the 1000-H z 
to n e  a r e  found  a t  the  h ig h  tone  le v e ls .
T he a b s e n c e  of a s ig n if ic a n t  i n t e r a c t io n  be tw een  tone  le v e l  
and  n o is e  le v e l  f o r  the  1000-H z tone  in  the o v e r a l l  a n a ly s i s  coup led  
w ith  the  f a c t  th a t  the  m e d iu m  tone  le v e l  a lw ay s  a p p ro x im a te d  the
SI
s p e c t r u m  of the n o ise  in d i c a te s  th a t  the  o b s e r v e d  d e v ia t io n s  f r o m  th is  
g e n e r a l i z a t io n  a r e  no t s t a t i s t i c a l l y  s ig n if ic a n t .
N e v e r th e l e s s ,  a t the  h igh  n a r r o w - b a n d  n o ise  le v e l  th e r e  is  a 
d e v ia t io n  f r o m  th i s  b a s ic  p a t t e r n  (F ig u r e  l i d ) .  The g r e a t e s t  lo u d n e s s  
i n c r e a s e  o c c u r s  no t  at the  m e d iu m  t o n e  l e v e l  ( w h i c h  a p p ro x im a te s  the 
s p e c t r u m  le v e l  of the  n o ise )  b u t  a t  the  low tone le v e l  w h ich  is  abou t 8 
dB lo w e r  th a n  th e  s p e c t r u m  le v e l  of the  n a r r o w - b a n d  n o is e .  R o w le y 's  
g e n e r a l i z a t io n  d o es  n o t  s e e m  to  ho ld  u n d e r  th is  n o is e  cond ition . B ut 
R ow ley  o b s e r v e d  th i s  s a m e  d i s c r e p a n c y  u n d e r  s i m i l a r  co n d i t io n s .  . He 
s ta t e d  (27, p. 128) th a t  " the  k n ee  (o r  p o in t  of m a x im u m  lo u d n e s s  i n ­
c r e a s e )  of the  lo u d n e s s  fu n c t io n  w ith  100 dB of c o n t r a l a t e r a l  n o is e  f a l l s  
s l ig h t ly  be low , r a t h e r  th a n  ab o v e ,  the  (b ro a d -b a n d )  n o is e  s p e c t r u m  
le v e l .  "
V ig ran  found m a x im u m  lo u d n e s s  i n c r e a s e s  at the  tone  le v e l  
th a t  w a s  9 dB be lo w  the  s p e c t r u m  le v e l  of a  100-d B ,  n a r r o w - b a n d ,  
n o is e .  H o w e v e r ,  he  a l s o  o b s e r v e d  r e l a t iv e ly  l a r g e  s u m m a t io n  e f fe c ts  
(only  0. 3 dB l e s s  th a n  th e  m a x im u m  i n c r e a s e  o b s e rv e d )  a t  a  tone  le v e l  
th a t  w as  w ith in  1 dB of the  s p e c t r u m  le v e l  of the  n o is e .  T h e s e  r e s u l t s  
a r e  s i m i l a r  to  th o s e  found  in  th e  p r e s e n t  s tu d y  u n d e r  the  h ig h - le v e l ,  
n a r r o w - b a n d  n o is e  cond ition .
The low, m e d iu m  and  h igh  tone le v e l s  u s e d  in  th i s  s tudy  u n d e r  
e a c h  n o is e  c o n d i t io n  a c tu a l ly  r e p r e s e n t  d i f f e r e n t  i n t e n s i t i e s ,  a l though  
t h e r e  i s  c o n s id e r a b le  o v e r la n  of to n e  l e v e l s  a c r o s s  co n d i t io n s .  I t  i s
R2
p o s s ib le  to  o b s e rv e  the  e f fec ts  of the  d i f fe re n t  n o ise  ty p es  and le v e ls  
on the lo u d n e ss  in c r e a s e  o b ta ined  a t a g iven  to n a l  in te n s i ty  le v e l .  The 
o v e ra l l  n o ise  in te n s i ty  le v e ls  a r e  the  s a m e  for both  b ro a d  and n a r r o w ­
ban d  n o is e s .  T h e s e  a r e  75 and 95 dB f o r  low and high n o ise  le v e l s ,  
r e s p e c t iv e ly .
F ig u re  12 show s the  e f fe c ts  of h ig h -  and lo w - le v e l ,  b r o a d -  
and n a r r o w - b a n d  c o n t r a l a t e r a l  n o is e s  on the  lo u d n e ss  of the  1000-H z 
tone  w hen p lo t te d  a s  a  func tion  of the  a c tu a l  tone in te n s i ty  le v e l s  u sed .  
The m a rk e d  p e a k e d n e s s  of th r e e  of the c u rv e s  obv iously  r e f l e c t s  the 
g r e a t e r  i n c r e a s e s  a t  the  m e d iu m  to n e  le v e ls .  It i s  s een  th a t  th e r e  is  
v e r y  l i t t l e  d i f fe re n c e  in  the  m e an  lo u d n e ss  le v e l  i n c r e a s e s  o b ta in ed  a t 
th e  s ta n d a r d  tone le v e l  of 40 dB u n d e r  the  b r o a d -  and n a r r o w - b a n d  
n o is e  co n d i t io n s ,  bo th  of w h ich  w e re  p r e s e n te d  a t the  low (75-dB  SPL) 
le v e l .  H o w e v er ,  m a rk e d  n o is e  type e f f e c t s  a r e  s e e n  a t the 50-dB  tone  
le v e l  w h e re  3. 0 dB g r e a t e r  lo u d n e ss  i n c r e a s e s  w e re  o b ta in ed  u n d e r  
the  n a r r o w - b a n d  n o is e  cond it ion  th a n  u n d e r  the  b ro a d -b a n d  n o is e  c o n ­
d it ion . T h is  i s  n o ta b le  s ince  the  o v e r a l l  n o ise  le v e ls  w e re  the s a m e  
fo r  both  b r o a d -  and n a r r o w - b a n d  n o is e  cond itions  bu t the  s p e c t r u m  
le v e l s  d i f f e re d  by 10 dB. Only s l ig h t ly  g r e a t e r  lo u d n e ss  i n c r e a s e s  
(0. 3 dB) w e r e  o b ta in ed  fo r  the 60-dB  tone  le v e l  u n d e r  the n a r r o w - b a n d  
n o is e  cond ition  than  u n d e r  the  b r o a d - b a n d  n o ise  cond ition  w hen  both  
w e r e  p r e s e n te d  at 95 dB S PL . At the  7 0 -dB tone  le v e l  the  m e a n  lo u d ­
n e s s  i n c r e a s e s  o b ta in ed  u n d e r  the n a r r o w - b a n d  n o is e  cond ition  w e re
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Figure 12 -  Effects of noise leve l  and noise type (parameter) on the loudness leve ls  of a 1000 Hz
standard tone presented at six different intensity lev e ls  (re. SPL)
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about 1. 7 dB g r e a t e r  than  th o s e  o b ta in ed  u n d e r  the  b ro a d -b a n d  cond it ion  
w hen  both  n o is e s  w e re  p r e s e n t e d  at 95 dB SPL .
In s u m m a r y ,  i t  w ould  a p p e a r  th a t  the r e s u l t s  of th i s  s tudy , a t 
1000 Hz a t l e a s t ,  su p p o r t  the  g e n e r a l i z a t io n s  th a t  the  m a x im u m  lo u d ­
n e s s  i n c r e a s e  o c c u r s  w hen the  tone  le v e l  a p p ro x im a te ly  e q u a ls  the  
s p e c t r u m  le v e l  of the n o is e ,  th a t  the  s u m m a tio n  is  r e d u c e d  m o r e  
s h a rp ly  w hen  tone le v e ls  a r e  above  th is  le v e l  than  w hen they  a r e  below, 
and th a t  a t h igh  n o ise  le v e ls ,  to n e  le v e l s  th a t  a r e  s o m e w h a t  be low  the  
n o is e  s p e c t r u m  le v e l  m a y  p ro d u c e  e q u a l  o r  g r e a t e r  s u m m a t io n  e f fe c ts .
Tone L e v e l  and  N o ise  R e la t io n s h ip s  
by F r e q u e n c y  of the T e s t  Tone
F ig u r e  13 r e v e a l s  th a t  the  500 -H z tone  c u rv e  i n t e r a c t s  l i t t l e  
w ith  tone  le v e l .  In p a r t i c u l a r ,  the  l a r g e r  lo u d n e ss  in c r e a s e  a t  the  
m e d iu m  tone le v e l  i s  no t p r e s e n t  a t  th is  f re q u e n c y .  W hile the r e s u l t s  
f o r  500 Hz show  l e s s  lo u d n e ss  i n c r e a s e  u n d e r  n e a r l y  a l l  co n d i t io n s  
and  w hile  the  a c o u s t ic  r e f l e x  m ig h t  be r e s p o n s ib le ,  th e  d a ta  do no t 
c l e a r l y  s u g g e s t  th is  o r  any  o th e r  f a c to r  a s  an ex p lan a tio n .  T he  f a c t  
th a t  the g r e a t e r  i n c r e a s e  a t  the  m e d iu m  tone  le v e l  i s  a b s e n t  a t 500 Hz 
s u g g e s ts  th a t  th i s  e f fec t  m a y  o c c u r  only w hen  th e  t e s t  tone  i s  w ith in  o r  
above the n o is e  band  o r  i t  m a y  s u g g e s t  th a t  the  e f fec t  i s  s im p ly  a b s e n t  
a t  500 Hz. The d a ta  as  show n in  F i g u r e s  11 a, b , c, and d s u g g e s t  
th a t  the  r e s u l t s  a r e  e s s e n t i a l l y  th e  s a m e  fo r  e i th e r  n o is e  type  w hich  
s u p p o r t s  the l a t t e r  of th e s e  two g e n e r a l i z a t io n s .  T he  n o n s ig n if ic a n t
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Figure 13 -  Mean loudness leve l  increases obtained across conditions for all subjects plotted  
os a function of tone level
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n o is e  type  by tone f r e q u e n c y  in t e r a c t io n  f u r th e r  e m p h a s i z e s  th a t  th i s  
e f fe c t  is  not r e l a t e d  to  the  bandw id th  o r  c e n te r  f r e q u e n c y  of the n o is e  
b and  bu t d ep en d s  only upon the  f r e q u e n c y  of the  t e s t  tone .
Only u n d e r  the h ig h - l e v e l ,  n a r r o w - b a n d  n o is e  co n d i t io n  d o es  
the  c u rv e  fo r  the  500 Hz to n e  d ro p  s h a r p ly  a t the  h igh  tone  le v e l s ,  
show ing about 1. 5 dB s m a l l e r  lo u d n e s s  i n c r e a s e s  th a n  w e r e  show n fo r  
e i th e r  the 1000-H z o r  2000 -H z to n e s .  T h is  in d i c a te s  th a t  u n d e r  th i s  
co n d it io n  th e r e  w a s  e i t h e r  l e s s  lo u d n e s s  s u m m a t io n  p r e s e n t ,  a g r e a t e r  
c o u n te ra c t in g  f o r c e  (w hich  cou ld  be  a t t r ib u te d ,  a t l e a s t  in  p a r t ,  to  the  
a c o u s t i c  r e f le x ) ,  o r  a  c o m b in a t io n  of th e s e  f a c t o r s .
The sh ap e  of the  o v e r a l l  500 -H z c u rv e  cou ld  be  i n t e r p r e t e d  as  
r e f le c t in g  an e n e r g y - l im i t in g  e f f e c t  s i m i l a r  to  th a t  o b s e r v e d  by L o eb  
and  R io p e l le  (17) in  th a t  t h e r e  a p p e a r s  to be  g r e a t e r  c o u n te r a c t in g  f o r c e  
a s  g r e a t e r  to n a l  e n e rg y  i s  p r e s e n te d .  The r e s u l t s  a t o th e r  f r e q u e n c i e s  
s u g g e s t  a n o th e r  e x p la n a t io n ,  h o w e v e r ,  the un ique  r e s u l t s  a t 500 Hz 
l e a v e s  th i s  p o s s i b i l i t y  open  a t  th is  f re q u e n c y .
L o u d n e s s  i n c r e a s e s  o b ta in e d  f o r  the  2000-H z to n e  a t  d i f f e r e n t  
to n e  le v e l s  fo llow  a  p a t t e r n  g e n e r a l ly  s i m i l a r  to  th a t  found  fo r  th e  
1000-H z tone  a s  i s  show n in  F ig u r e  13 and in  the  m o r e  d e t a i l e d  F ig u r e  
11 a, b , c, and  d. G r e a t e r  lo u d n e s s  i n c r e a s e s  u s u a l ly  o c c u r  a t  the  
m e d iu m  tone l e v e l s ,  w h ile  s m a l l e r  i n c r e a s e s  a r e  found a t  th e  low  and  
p a r t i c u l a r l y  a t the  h ig h  tone  l e v e l s .  The d a ta ,  a s  show n in  F i g u r e  11, 
in d ic a te s  th a t  th i s  b a s ic  r e l a t io n s h ip  v a r i e s  so m e w h a t  w ith  n o is e  ty p e
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and n o ise  le v e l ,  s in c e  u n d e r  the  h ig h - le v e l ,  b ro a d -b a n d  n o is e  cond ition  
s l ig h t ly  s m a l l e r  lo u d n e ss  i n c r e a s e s  w e r e  o b ta ined  a t m e d iu m  tone 
le v e l s  than  w e re  r e c o r d e d  at low tone le v e ls .  M 1000 Hz th is  o c c u r r e d  
w ith  the  h ig h - le v e l ,  n a r r o w - b a n d  n o is e  only. U nder the n a r r o w - b a n d ,  
h ig h - le v e l  n o ise  condition  the lo u d n e ss  i n c r e a s e s  o b s e rv e d  a t 2000 Hz 
w e re  n e a r ly  a s  g r e a t  a t low tone  le v e ls  a s  a t  m e d iu m  tone le v e ls .  Thus, 
i t  i s  s e e n  th a t  the  c u rv e  o b ta in ed  fo r  the  2000-H z tone a lso  show s the 
ten d en cy  no ted  e a r l i e r  a t 1000-H z of p ro d u c in g  equal o r  s l ig h t ly  g r e a t ­
e r  lo u d n e ss  i n c r e a s e  at tone le v e ls  so m ew h a t  below  the n o ise  s p e c t r u m  
le v e l  w hen the  c o n t r a l a t e r a l  n o is e  i s  in te n s e .
R e la t io n s h ip s  B e tw ee n  T e s t  T one  F re q u e n c y ,
N o ise  B andw id th  and N o ise  L ev e l
A s ta t e d  p u rp o s e  of th is  s tudy  w as  to  c o m p a re  the  lo u d n e ss  i n ­
c r e a s e s  p ro d u c e d  in  t e s t  to n e s  u n d e r  b r o a d -  and  n a r r o w - b a n d  n o ise  
c ond it ions .  A n o th e r  w as  to d e te r m in e  i f  d i f f e r e n c e s  in  lo u d n e ss  change  
e x i s t  b e tw ee n  to n e s  th a t  a r e  below , a t  the  c e n te r  of, and  above the  
bandw idth  of the  n a r r o w - b a n d  n o is e .  T h e s e  n o is e s  w e re  p r e s e n t e d  a t 
le v e l s  bo th  above and be low  th o se  w hich  sho u ld  e l ic i t  the a c o u s t ic  r e ­
f lex .
F ig u r e  14 show s the  m e a n  lo u d n e ss  i n c r e a s e  o b ta ined  a t the  
th r e e  t e s t  f r e q u e n c ie s  u n d e r  b r o a d -  and n a r r o w - b a n d  n o ise  co n d it io n s  
a t  bo th  h igh  and  low n o is e  l e v e l s .  L o u d n e ss  i n c r e a s e s  shown u n d e r  the 
n a r r o w - b a n d  n o is e  cond ition  a r e ,  on the a v e ra g e  about 0. 7 dB g r e a t e r
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a  f u n c t i o n  o f  t o n e  f r e q u e n c y  w i t h  n o i s e  t y p e  a n d  n o i s e  l e v e l  a s  r u n n in g  p a r a m e t e r s
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fo r  the  500-H z tone and about 1. 1 dB g r e a t e r  fo r  the  2 000 -H z  tone  th a n  
o b ta in e d  u n d e r  the  b ro a d -b a n d  n o ise  cond ition . W ith  the  e x c e p t io n  of 
one d a ta  p o in t  th e r e  i s  no in te r a c t io n .  T he  d a ta  po in t a t 500 Hz w ith  
the  h ig h - le v e l ,  n a r r o w - b a n d  n o ise  s u g g e s ts  th a t  th i s  is  the  only  n o is e  
w h i c h  p ro d u c e d  a  s ig n if ic a n t  e f fe c t  a t t r ib u ta b le  to  a c o u s t ic  r e f l e x  a c ­
t iv i ty ,  u n d e r  a l l  o th e r  c i r c u m s t a n c e s  f re q u e n c y  of the t e s t  tone  h a s  l i t ­
t le  e f fe c t  on the  lo u d n e ss  i n c r e a s e  p ro d u c e d  w ith  n a r r o w -  o r  b r o a d ­
band  n o is e .
The le v e l  of the t h e r m a l  n o is e  in  the re g io n  of 500 o r  2000 Hz 
w as  r e d u c e d  by about 29 dB by the  f i l t e r .  T h e r e f o r e ,  the  e q u a l  lo u d ­
n e s s  i n c r e a s e s  e x p e r i e n c e d  fo r  the  2000-H z  to n e  and  the 50 0 -H z  tone  on 
one co n d i t io n  u n d e r  th e  n a r r o w - b a n d  n o is e  cond it ion  m a y  be due to  a  
k in d  of f r e q u e n c y  s p r e a d  of s u m m a tin g  e f fe c t s .  T he  d o w n w a rd  s p r e a d  
of lo u d n e s s  su m m a t io n  w as  a lso  o b s e r v e d  in  V ig r a n 's  (35) s tu d y  w h e re  
the  l / 3 - o c t a v e  b and  of c o n t r a l a t e r a l  n o is e  c e n t e r e d  at 2500 Hz w a s  
a lw ay s  h ig h e r  in  f re q u e n c y  th a n  the  t e s t  to n e s .  The r e s u l t s  of th is  
s tu d y  in d ic a te  v e r y  l i t t l e  f r e q u e n c y  e f fec t ,  a t l e a s t  w hen  th e  to n e s  a r e  
w ith in  one o c tav e  of the  c e n t e r  of th e  n o is e  band .
The M agnitude  of L o u d n e s s  C h an g es  C o m p a re d  
W ith  T h o se  O b ta in ed  in  O th e r  S tud ies
I t  h a s  b een  o b s e r v e d  th a t  the  m e a n  lo u d n e ss  c h a n g e s  g iv e n  
above  fo r  the  p r e s e n t  s tudy  a r e  c o n s id e r a b ly  s m a l l e r  th a n  th o s e  o b ­
s e r v e d  by any of the o th e r  in v e s t ig a t o r s  c i te d  w ho d e m o n s t r a t e d
lo u d n e s s  i n c r e a s e s  r e g a r d l e s s  of the  m e th o d  by w hich  they  w e re  o b ­
ta in e d .  F o r  e x a m p le ,  the  m a x im u m  m e a n  lo u d n e s s  le v e l  i n c r e a s e  of 
f r o m  3 ,0  to  4. 5 dB show n f o r  Study II i s  no t a s  g r e a t  a s  the  12- to  13- 
dB i n c r e a s e s  o b s e r v e d  by R ow ley  (27), and 6 -  o r  7 -dB i n c r e a s e s  r e ­
p o r t e d  by E g a n  (7). n r  the 7. 5 -dB  i n c r e a s e s  r e p o r t e d  by V ig ra n  (35). 
(S hap ley  (20) r e p o r t e d  m e a n  lo u d n e ss  d e c r e a s e s  of 15. 1 dB w hile  L oeb  
and R io p e l l e ' s (17) s u b je c t s  p ro d u c e d  lo u d n e s s  d e c r e a s e s  of f r o m  7 to 
8 dB. The m e a n  lo u d n e s s  c h an g e s  p r o d u c e d  by P r a t h e r ' s  (24) s u b je c t s  
r a n g e d  f r o m  lo u d n e s s  d e c r e a s e s  of 4. 0 dB to  i n c r e a s e s  of about 8. 0 
dB , (d ep en d in g  upon  the  l i s te n in g  cond it io n s  and  the  type  of ju d g m e n t  r e ­
q u i r e d  of th e  l i s t e n e r .  )
The lo u d n e s s  le v e l  change  of f r o m  2. 0 to  4. 5 dB o b ta in ed  in  
th i s  s tu d y  r e p r e s e n t s  lo u d n e s s  r a t i o s  of abou t 1. 2 to  1 .4  to  1 w h ich  a r e  
s o m e w h a t  s m a l l e r  th a n  th e  b in a u r a l - m o n a u r a l  lo u d n e s s  r a t i o s  fo r  p u re  
to n e s  of 1 .4  to  2. 3 to  1 o b s e r v e d  by R ey n o ld s  an d  S tev e n s  (26) o r  the
1. 5 to  2. 6 to  1 r a t i o  of lo u d n e s s  i n c r e a s e  in  th e  p r e s e n c e  of c o n t r a ­
l a t e r a l  n o is e  o b s e r v e d  by R ow ley  (27). T h e r e  a p p e a r s  to  be no i m ­
m e d ia te  e x p la n a t io n  fo r  the  s m a l l e r  lo u d n e ss  l e v e l  i n c r e a s e s  o b ta in e d  
in  th i s  s tudy . H o w e v e r ,  th e  f a c t  th a t  a l l  of th e  o th e r  s tu d ie s  w h ich  
p ro d u c e d  g r e a t e r  lo u d n e s s  c h an g e s  c o n ta in e d  a  s i le n t  p e r io d  in  the  
t im in g  s e q u e n c e  of tone  a n d / o r  n o is e  p r e s e n t a t i o n  w h ile  th i s  one d id  not 
shou ld  r e c e iv e  f u r t h e r  s tu d y  a s  w e ll  a s  the  r e l a t io n s h ip  of th is  v a r i a b le  
to  the  s u b je c t s  r e s p o n s e  c r i t e r i o n  a s  d i s c u s s e d  e a r l i e r .
C H A P T E R  V 
SUMMARY AND CONCLUSION 
In t ro d u c t io n
T he e f fe c ts  of c o n t r a l a t e r a l  n o is e  on the  p e r c e iv e d  lo u d n e s s  of 
m o n a u ra l ly - b a la n c e d  p u re  to n e s  h av e  b e e n  in v e s t ig a te d  r a t h e r  e x t e n ­
s iv e ly ,  bu t  m a n y  of th e s e  p r e v io u s  s tu d ie s  (4, 7, 24, 29) h av e  p ro d u c e d  
co n f l ic t in g  r e s u l t s .  Som e (4, 14, 29) h av e  show n d e c r e a s e s  in  the  
lo u d n e s s  of p u re  to n e s  w hen  they  w e r e  p a i r e d  w ith  n o is e  in  the o p p o s i te  
e a r .  T h is  e f fe c t  h a s  g e n e r a l ly  b e e n  a t t r i b u t e d  to  th e  a c t io n  of the  
a c o u s t ic  r e f le x ,  s in c e  i t  i s  know n th a t  the  r e f l e x  is  a c t iv a te d  b i l a t e r ­
a l ly  by  h ig h - le v e l  n o i s e s  an d  th a t  i t  a t t e n u a te s  the  t r a n s m i s s i o n  of 
sound  to  the  in n e r  e a r  {14, 17, 19, 25, 29). L o u d n e s s  d e c r e a s e s  have  
a l s o  b e e n  a t t r ib u t e d  to  t r a n s c r a n i a l  m a sk in g  w hen  h ig h - l e v e l  n o i s e s  
and  lo w - le v e l  to n e s  have  b e e n  in v o lv e d  (27).
O th e r  s tu d ie s  in  w h ich  m o n a u r a l  lo u d n e ss  b a la n c e s  w e r e  p e r ­
fo r m e d  u s in g  p u re  to n e s  (24, 27, 35) and  sp e e c h  (7) h av e  found lo u d ­
n e s s  i n c r e a s e s  in  the p r e s e n c e  of c o n t r a l a t e r a l  n o is e ,  ev e n  though  the  
p s y c h o p h y s ic a l  te c h n iq u e s  o r  p h y s ic a l  p a r a m e t e r s ,  o r  bo th  v a r i e d  
f r o m  s tu d y  to  study. T h is  i n c r e a s e  h a s  b e e n  a t t r ib u t e d  to the
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p r in c ip le  of b in a u ra l  su m m a tio n  of lo u d n e ss  by the a u th o rs  of a l l  th e se  
s tu d ie s .  H o w e v er ,  so m e  a u th o rs  (24, 29) acknow ledge the p o s s ib i l i ty  
of a  lo u d n e ss  in c r e a s e  due to  the f a c i l i to r y  a c t io n  of the m id d le  e a r  
m u s c l e s  at f r e q u e n c ie s  above 1000 Hz.
One study  (24) found d iffe r ing  r e s u l t s  a c r o s s  s im i la r  s t im u lu s  
co n d it io n s ,  depending  upon the s u b je c t 's  l i s te n in g  ta sk .  L o u d n ess  d e ­
c r e a s e s  w e r e  g e n e ra l ly  e x p e r ie n c e d  w hen the s u b je c ts  b a la n c e d  only 
the r e l a t iv e  lo u d n e ss  of to n e s  in  qu ie t  a g a in s t  the lo u d n e ss  of the s a m e  
f re q u e n c y  tone  sounded  in  the p r e s e n c e  of a  c o n t r a l a t e r a l  n o ise .  H ow ­
e v e r ,  w hen  a d ju s tm e n ts  w e re  m a d e  to  equa te  a l so  the a p p a re n t  p i tch  of 
the two s u c c e s s iv e  to n e s  then  lo u d n e ss  i n c r e a s e s  w e re  ob ta ined .
The r e s u l t s  of the l i t e r a t u r e  re v ie w e d  s u p p o r te d  the fo llow ing 
g e n e r a l iz a t io n s .  F i r s t ,  g r e a t e r  lo u d n e ss  d e c r e a s e s  w e re  o b ta ined  a t 
f r e q u e n c ie s  below  1000 Hz (14, 29) and second , lo u d n e ss  d e c r e a s e s  
w e re  o b ta in e d  f o r  the in te n s i ty  co m b in a t io n s  of low tone  and  h igh  c o n ­
t r a l a t e r a l  n o is e  le v e l s  o r  h igh  tone and h igh  n o is e  le v e ls  (24, 27, 35). 
T h i rd ,  lo u d n e s s  i n c r e a s e s  w e re  ob ta in ed  in  the  p r e s e n c e  of c o n t r a l a t ­
e r a l  n o is e  a t  f r e q u e n c ie s  of 1000 Hz and h ig h e r  (24, 27, 35), a t  low 
tone and  m o d e ra te  n o is e  le v e ls  (24, 27), o r  a t  m o d e ra te  tone  and  high  
n o is e  le v e ls  (24, 27, 35), a t l e a s t  u n d e r  cond it io n s  w h e re  to n e s  being  
c o m p a re d  w e r e  w ith in  th e  f re q u e n c y  band  of the c o n t r a l a t e r a l  n o is e  (24, 
27, 29) o r  below  the n o ise  b an d  in  f r e q u e n c y  (35).
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E x p e r im e n ta l  D es ign  and  P r o c e d u r e  
Two s tu d ie s  a r e  r e p o r t e d  w hich  a r e  id e n t ic a l  in  m o s t  r e s p e c t s  
bu t  w hich  d if fe r  w ith  r e s p e c t  to  the  c r i t e r i a  the  s u b je c t s  w e r e  in s t r u c te d  
to  u se  in  ev a lu a tin g  the  r e la t iv e  lo u d n e ss  of a s e r i e s  of m o n a u ra l ly -  
p r e s e n te d  p u re  tones  of the s a m e  f re q u e n c y ,  e v e ry  o th e r  one of w h ich  
w a s  a c c o m p a n ie d  by a  c o n t r a l a t e r a l  n o ise  b u r s t .  T he  m a in  p u rp o s e  of 
bo th  s tu d ie s  w as  to  in y e s t ig a te  the  e f fe c ts  on the lo u d n e ss  of a  p u re  
tone  r e s u l t in g  f r o m  b e in g  p a i r e d  w ith  a  c o n t r a l a t e r a l  n o ise  w hen  n o ise  
type ,  n o is e  le v e l ,  tone  f r e q u e n c y ,  and tone le v e l  w e re  s y s t e m a t ic a l ly  
v a r ie d .  S p ec if ica l ly ,  a  b r o a d  and  an o c ta v e -b a n d w id th  n o is e  w e re  e ac h  
p r e s e n te d  to  the  le f t  e a r s  of fo u r  s u b je c ts  a t a  h igh  le v e l  w h ich  should  
e l i c i t  the a c o u s t ic  r e f l e x  and a l s o  a t  a  low  le v e l  w h ich  shou ld  not. T he  
t e s t  s t im u l i  w e re  p r e s e n te d  to  the  r ig h t  e a r  and in c lu d e d  a  1000-Hz 
tone  w hich  w as  at the  c e n te r  of th e  o n e -o c ta v e  b and  of n o is e ,  a  500-H z 
tone  w h ich  shou ld  have  b e e n  a f fe c te d  by the  a c o u s t ic  r e f le x ,  an d  a 
2000-H z tone  w h ich  w a s  h ig h e r  in  f re q u e n c y  th a n  the  n o is e  b a n d  and 
w h ich  shou ld  no t  h av e  b e e n  in f lu e n c e d  by the  r e f le x .
E a c h  tone w as  p r e s e n t e d  a t  th r e e  le v e ls  th a t  v a r i e d  w ith  each  
n o is e  type  and n o ise  le v e l .  The m e d iu m  tone le v e l  a lw ay s  a p p ro x im a te d  
the  s p e c t r u m  le v e l  of the  n o is e ,  i r r e s p e c t i v e  of n o ise  type o r  n o ise  
le v e l .  The p u rp o s e  of th i s  a r r a n g e m e n t  w as  to  f u r t h e r  in v e s t ig a te  
R o w le y 's  o b s e rv a t io n  th a t  m a x im u m  su m m a tio n  (o r  lo u d n e ss  in c re a s e )  
u s u a l ly  o c c u r s  at tone le v e l s  w h ich  a p p ro x im a te  the  s p e c t r u m  le v e l  of
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the  n o ise .
Two p r o c e d u r a l  e f fe c ts  w e r e  in v e s t ig a te d  a lso .  It w as  o b ­
s e r v e d  in  so m e  s tu d ie s  th a t  the tone  p r e s e n t e d  w ith  the n o is e  (TWN) 
h ad  b een  v a r i e d  by the  s u b je c t  (24, 29) w h ile  in  o th e r s  the  tone  a p p e a r ­
ing a lone (TA) h ad  b e e n  the v a r i a b le  ( c o m p a r is o n )  tone  (35). The 
T W N -TA v a r ia b le  w as  t e s t e d  by hav in g  s u b je c t s  v a ry  bo th  the  to n e -  
w i th -n o i s e  and  the tone  a lone u n d e r  a l l  of the  s t im u lu s  co n d i t io n s .  A l ­
though  o th e r  i n v e s t ig a to r s  r e p o r t e d  hav ing  th e i r  s u b je c ts  a p p ro a c h  the  
b a la n c e d  cond ition  f r o m  both  d i r e c t io n s  t h e r e  w as  no e v id e n c e  of any 
s y s t e m a t i c  s tudy  be ing  m a d e  of th is  v a r i a b le .  N e i th e r  w a s  t h e r e  any 
d i s c u s s io n  a s  to  how the  a p p a re n t  lo u d n e s s  change d i f f e r s ,  depending  
on the  d i r e c t io n  of a p p ro a c h .  B a s e d  on the  d i f f e r e n c e s  show n d u r in g  
a  p i lo t  s tudy  i t  w as  d e c id e d  th a t  in  th e  p r e s e n t  s tudy  s e p a r a t e  m e a s u r e s  
w ould  be  o b ta in ed  a c c o rd in g  to  w h e th e r  the  b a la n c e d  co n d it io n  w as  
in i t i a l ly  a p p ro a c h e d  f r o m  an in te n s i ty  b e lo w  o r  f r o m  above the  in te n s i ty  
of th e  s t a n d a r d  tone .
In th e  f i r s t  s tudy  fo u r  t r a in e d ,  n o r m a l - h e a r in g  a d u l ts  - -  
s o p h is t i c a te d  in  p sy c h o p h y s ic a l  p r o c e d u r e s - - u s e d  the  m e th o d  of a d ju s t­
m e n t  to  ob ta in  m o n a u ra l  lo u d n e ss  b a la n c e s  u n d e r  the  co n d it io n s  d e s ­
c r ib e d  above. P r i o r  to  the  g a th e r in g  of the  d a ta  e a c h  s u b je c t  w as  
g iv e n  s e v e r a l  t r a in in g  s e s s i o n s  d u r in g  w h ich  he p r a c t i c e d  the  e x p e r i ­
m e n ta l  t a s k  un ti l  c o n s i s te n t  m e a s u r e s  w e r e  ob ta ined . I t  w as  im p l ie d  
in  the  in s t r u c t io n s  g iven  to  th e s e  s u b je c t s  d u r in g  the t r a in in g  s e s s i o n s
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(s e e  page  47) th a t  they  w ould  l e a r n  to  d i s r e g a r d  the c o n t r a l a t e r a l  n o ise  
and  to  c o n c e n t r a te  on m a tc h in g  only the  lo u d n e ss  of the  two t e s t  to n e s  
a p p e a r in g  a l t e r n a t e ly  in  the  t e s t  e a r .
T he  d a ta  w e r e  c o l le c te d  in  two l i s te n in g  s e s s i o n s  of a p p r o x i ­
m a te ly  one and o n e -h a l f  h o u r s  each .  C ond it ions  w e r e  th e  s a m e  in  e ac h  
s e s s i o n  e x c e p t  th a t  n a r r o w - b a n d  n o ise  w as  p r e s e n te d  d u r in g  one s e s ­
s io n  and b r o a d - b a n d  n o is e  d u r in g  the  o th e r ,  the o r d e r  v a ry in g  w ith  the 
s u b je c t .  U nder  e a c h  n o is e  type th e  36 c o m b in a t io n s  of the  fo u r  s t i m u ­
lu s  p a r a m e t e r s  p lu s  th e  two p r o c e d u r a l  e f f e c t s  in v e s t ig a te d  w e r e  p r e ­
s e n te d  in  a s  n e a r l y  a  b a la n c e d  o r d e r  and b a la n c e d  c o in c id en c e  as  
p o s s ib le .
The a l te r n a t in g  s t a n d a r d  and  c o m p a r i s o n  to n e s  b o th  h a d  the  
s a m e  o n - t i m e s  of 400 m s e c s ,  s e p a r a t e d  s y m m e t r i c a l l y  by o f f - t im e s  of 
600 m s e c s  d u r in g  a  g iv e n  tw o - s e c o n d  p e r io d .  The c o n t r a l a t e r a l  n o ise  
w a s  on fo r  400 m s e c s  and  th e n  off fo r  l600  m s e c s  b e fo re  be ing  p a i r e d  
w ith  th e  n e x t  s t a n d a r d  o r  c o m p a r i s o n  tone .
In  th e  s e c o n d  s tu d y  fo u r  n o r m a l - h e a r in g ,  p r e v io u s ly  i n e x p e r i ­
e n c e d  s u b je c t s  w e r e  u se d .  The p r o c e d u r e s  w e r e  e s s e n t i a l l y  the  s a m e  
as  in  Study I e x c e p t  th a t  e a c h  s u b je c t  w a s  a s k e d  to  fo llow  a  s p e c if ic  
l i s te n in g  c r i t e r i o n ;  n a m e ly ,  to  c o n s id e r  the  tone h e a r d  w ith  the  c o n ­
t r a l a t e r a l  n o is e  to g e th e r  w ith  the  t o n e 's  a s s o c ia t e d  n o i s in e s s  a s  a 
s in g le  c o m p le x  s ig n a l  a g a in s t  w h ich  he shou ld  c o m p a r e  the  lo u d n e s s  of 
th e  tone  h e a r d  w ith o u t th e  n o is e .
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The d a ta  f r o m  both  s tu d ie s  w e r e  e v a lu a te d  us ing  an a n a ly s i s  of 
v a r ia n c e  d e s ig n e d  fo r  m u l t i - f a c t o r  e x p e r i m e n t s  having  r e p e a te d  m e a ­
s u r e s  (40).
R e s u l t s  
Study I
T he  d a ta  f r o m  Study I show ed  th a t  S u b je c ts  #1 and #3 o b ta in e d  
m e a n  lo u d n e s s  c h an g e s  a c r o s s  co n d i t io n s  w h ich  w e re  a lm o s t  e q u a l  and  
o p p o s i te  to  th o s e  show n by S u b je c ts  #2 and  #4. The m e a n  lo u d n e s s  i n ­
c r e a s e  a v e r a g e d  a c r o s s  a l l  s u b je c t s  w a s  l e s s  th a n  0. 3 dB. B e c a u s e  of 
the  d iv e rg e n c e  of th e  two p a i r s  of s u b je c t s  i t  w a s  d e c id e d  a t th i s  p o in t  
to  c a r r y  out the s e c o n d  s tudy . H o w e v e r ,  i t  s e e m e d  w o r th w h ile  to  eva lu ­
a te  the  r e s u l t s  of Study I by t r e a t in g  S u b je c ts  #1 and  #3 and  S u b je c ts  #2 
and  #4 as  two s e p a r a t e  g ro u p s  in  o r d e r  to  o b ta in  an  i m p r e s s i o n  of the  
m a g n i tu d e  of th e  d i f f e r e n c e s ,  w h a te v e r  t h e i r  c a u s e ,  and  a lso  to  o b ta in  
s o m e  e v a lu a t io n  of th e  in f lu e n c e  of the  o th e r  m a in  e f fe c ts .
T h is  a n a ly s i s  show ed  s ig n i f ic a n t  d i f f e r e n c e s  b e tw e e n  th e  two 
g ro u p s .  G ro u p  #1 (S u b jec ts  #1 and #3) p ro d u c e d  an  o v e ra l l  m e a n  lo u d ­
n e s s  i n c r e a s e  of 2 .4  dB. G ro u p  #2 (S u b jec ts  #2 and  #4) p ro d u c e d  an 
o v e r a l l  m e a n  lo u d n e s s  d e c r e a s e  of 1. 8 dB. The d if f e re n c e  b e tw e e n  
th e s e  two g ro u p s  i s  s ig n if ic a n t  at th e  . 05 le v e l .
W hen the  fo u r  s u b je c t s  w e r e  q u e s t io n e d  as  to p o s s ib le  r e a s o n s  
fo r  the  l a r g e  d i s c r e p a n c i e s  in  r e s u l t s  i t  w a s  d e t e r m in e d  th a t  t h e r e  w e re
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d if f e r e n c e s  in  the ap p l ied  l i s te n in g  c r i t e r i a .  S u b jec ts  #2 and #4 (those  
th a t  p ro d u c e d  lo u d n e ss  d e c r e a s e s )  r e p o r t e d  th a t  they h a d  m e n ta l ly  t r i e d  
to  s u p p r e s s  o r  b lo c k  out bo th  the c o n t r a l a t e r a l  n o is e  and the added  n o is i­
n e s s  a ro u n d  the tone w hich w as  p r e s e n t e d  w 'th  the n o ise ,  d u r in g  the 
ba lan c in g  ta sk .  T hey  had  t r i e d  to c o n c e n t r a te  on only the  tone i t s e l f  
w hich  s e e m e d  to a p p e a r  in  the  m id s t  of the  n o is e .  The o th e r  two s u b ­
je c t s  (#1 and #3) r e p o r t e d  th a t  they  had  c o n s id e r e d  the tone  and i t s  a s ­
s o c ia te d  n o i s in e s s  a s  a s o r t  of co m b in ed  c o m p le x  to n a l - l ik e  s ig n a l  to 
w h ich  i t  w as  e a s i e r  fo r  th e m  to  m a tc h  the tone o c c u r r in g  a lone .  The 
u se  of th i s  c r i t e r i o n  a p p a re n t ly  r e s u l t e d  in  the  lo u d n e ss  i n c r e a s e s .  It 
w as  a p p a re n t  f r o m  th e se  c o m m e n ts  th a t  e i t h e r  lo u d n e ss  d e c r e a s e s  o r  
i n c r e a s e s  cou ld  be ob ta in ed  depend ing  upon w h e th e r  a  s u b je c t  a t ten d ed  
to only the  p u re  tone e le m e n t  of th e  c o m p lex  o r  w h e th e r  h e  in c lu d e d  in  
h i s  ju d g m e n ts  the  f r in g e  a r e a  n o is in e s s  w h ich  a c c o m p a n ie d  the tone 
a p p e a r in g  w ith  the  c o n t r a l a t e r a l  n o is e .
A n u m b e r  of s tu d ie s  (22, 24, 29, 30, 34) w e re  re v ie w e d  in  
w hich  the  a u th o r s  d i s c u s s e d  th e  d i f f e r e n c e s  in  r e s u l t s  w h ich  a p p e a re d  
to  be c o n n ec ted  w ith  e i th e r  d i f f e re n c e s  in  the  p e r c e iv e d  c h a r a c t e r  of 
the  s ig n a l  o r  w ith  v a r ia t io n s  in  in t e r p r e t a t i o n s  of in s t r u c t io n s  to do an 
a s s ig n e d  p s y c h o p h y s ic a l  ta s k .  It i s  s u g g e s te d  th a t  so m e  of the  d i v e r ­
g en t  r e s u l t s  o b ta ined  in  so m e  of the  lo u d n e ss  b a la n c e  s tu d ie s  re v ie w e d  
in  C h a p te r  11 (24, 29) w e re  p ro d u c e d  in  p a r t  by  d i f f e r e n c e s  in  th e  c r i ­
t e r i a  u s e d  by the  s u b je c ts  in  p e r fo rm in g  the  a s s ig n e d  ta s k .
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A lso  s ig n if ic a n t  a t the  • 05 le v e l  of confidence  w as  n o ise  type 
w hich  show ed  an o v e r a l l  lo u d n e ss  i n c r e a s e  th a t  w as  1. 1 dB l a r g e r  u n ­
d e r  the n a r r o w - h a n d  n o is e  cond ition . None of the in te r a c t io n s  b e tw e e n  
n o is e  type  and the o th e r  co n d i t io n s  w as  s ig n if ican t .
A s m a l l  but s ig n if ic a n t  (. 05) in t e r a c t io n  w as  shown b e tw ee n  
the  p r o c e d u r a l  v a r i a b l e  of T W N -TA and tone lev e l .  When the  tone  
a lo n e  (TA) w as  v a r i e d  by  the  s u b je c t  s m a l l e r  lo u d n e ss  i n c r e a s e s  w e re  
e x p e r i e n c e d  at low and h igh  tone le v e ls  w hile  l a r g e r  i n c r e a s e s  w e re  
found  a t  m e d iu m  tone  le v e l s .  W hen the  to n e -w i th -n o is e  (TWN) w as  
v a r i e d  the  r e v e r s e  o r d e r  w a s  t r u e ,  e x c e p t  th a t  the  g r e a t e s t  lo u d n e ss  
i n c r e a s e  a lso  o c c u r r e d  a t th e  low tone  le v e l .
No o th e r  m a in  e f fe c ts  o r  in t e r a c t io n s  w e r e  s ig n if ican t .
S tudy II
In  th is  s tudy  a l l  s u b je c t s  w e r e  r e q u e s te d  to  m a in ta in  th e  s a m e  
l i s t e n in g  c r i t e r i o n  a s  th a t  d e s c r ib e d  fo r  G ro u p  #1 (S ub jec ts  #1 and #3) 
in  th e  f i r s t  s tudy  ( s e e  page  53). T h e i r  ab i l i ty  to  m a in ta in  th is  c r i t e r ­
io n  i s  in d ic a te d  by the  o v e r a l l  m e a n  lo u d n e ss  in c r e a s e  of 2. 8 dB , o b ­
ta in e d  fo r  a l l  s u b je c t s  a c r o s s  co n d i t io n s .  T h is  va lue  c o m p a r e s  f a v o r ­
ab ly  w ith  the  m e a n  of 2. 4 dB o b ta in ed  by  G ro u p  #1 of Study I a c r o s s  
the  s a m e  cond it ions .  I t  w as  a l so  n o ted  th a t  the o v e r a l l  m e a n  lo u d n e ss  
i n c r e a s e  fo r  e a c h  s u b je c t  in  Study II r a n g e d  f r o m  2. 0 dB fo r  Sub jec t 
#4 to  3. 8 dB f o r  S ub jec t  #1. T h is  ra n g e  of only 1. 8 dB cou ld  be  c i te d
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in  ev id en ce  th a t  th e se  p r e v io u s ly  in e x p e r ie n c e d  s u b je c t s  w e re  us ing  e s ­
se n t ia l ly  the s a m e  l is te n in g  c r i t e r io n .  T h e r e  w e re  no m e a n  lo u d n e ss  
d e c r e a s e s  o b ta in ed  in Study II u n d e r  any cond ition .
In  c o m p a r in g  the r e s u l t s  of S tu d ie s  I and II i t  w as  a p p a re n t  
th a t  the  in s t r u c t io n s  g iven  the s u b je c t s  w e re  of p a r a m o u n t  im p o r ta n c e .  
On the  o th e r  h and  it  w a s  found th a t  p r e v io u s  t r a in in g  of s u b je c t s  fo r  the 
lo u d n e s s - b a la n c e  ta s k  w as  r e l a t iv e ly  u n im p o r ta n t  in  o b ta in ing  r e l i a b le  
r e s u l t s .  In  fac t ,  u n le s s  in s t r u c t io n s  a r e  v e r y  s p e c if ic  a  s u b je c t  can  be 
t r a i n e d  to fo llow  a c r i t e r i o n  d i f f e r e n t  f r o m  th a t  in te n d e d  by the i n v e s t i ­
g a to r .
I t  w a s  o b s e rv e d  th a t  the  m e a n  lo u d n e ss  le v e l  c h a n g e s  o b ta in ed  
in  th is  s tudy  w e r e  c o n s id e r a b ly  s m a l l e r  th a n  th o se  o b s e rv e d  by a l l  
o th e r  i n v e s t ig a to r s  (7, 17, 24, 27, 29, 35) r e p o r t in g  s i m i l a r  s tu d ie s  
r e g a r d l e s s  of th e  m e th o d s  u sed .  T h e r e  s e e m s  to  be  no im m e d ia te  e x ­
p la n a t io n  fo r  th i s .  H o w e v e r ,  i t  w as  n o te d  th a t  a l l  of the  o th e r  i n v e s t i ­
g a t o r s  i n s e r t e d  a  s i l e n t  i n t e r v a l  in  the  t im in g  s e q u e n c e  g o v e rn in g  the  
p r e s e n ta t io n  of the  s t a n d a r d  and  c o m p a r i s o n  to n e s  w hile  th i s  s tudy  d id  
not.
T he  a n a ly s i s  of v a r i a n c e  show ed  th a t  tone f r e q u e n c y ,  tone 
le v e l  and  the  p r o c e d u r a l  v a r ia b le  of dow n-up  (i. e . d i r e c t io n  of in i t i a l  
a p p ro a c h  to  the  b a la n c e d  condition) w e re  the  s ig n if ic a n t  v a r i a b l e s  in  
d e te rm in in g  the lo u d n e ss  le v e l  i n c r e a s e s  o b ta in e d  fo r  p u re  to n e s  h e a r d  
in  the  p r e s e n c e  of c o n t r a l a t e r a l  n o ise .
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No o th e r  m a in  e f fe c ts  o r  in t e r a c t io n s  v /e re  s ig n if ican t .
T h e  g r e a t e s t  m e a n  lo u d n e s s  i n c r e a s e  o b ta in ed  a c r o s s  a l l  c o n ­
d i t io n s  as  a  func tion  of tone  f r e q u e n c y  w as  o b ta in ed  w ith  a  1000-H z 
tone  w h ile  the  s m a l l e s t  i n c r e a s e  w as  found fo r  the  5 00 -H z  tone . T h e s e  
r e s u l t s  w e re  e x p e c te d  s in c e  the 1000-H z tone  e q u a l le d  the  c e n te r  f r e ­
q u en cy  of the  c o n t r a l a t e r a l  n o is e  in  the  c a s e  of the n a r r o w - b a n d  n o is e  
and  the  500-H z tone  shou ld  h av e  b e e n  m o s t  a f fe c te d  by the a c o u s t i c  r e ­
f lex .  H o w e v e r ,  the  d i f f e re n c e  b e tw e e n  the m e a n  lo u d n e s s  i n c r e a s e s  
o b ta in e d  f o r  th e s e  two to n e s  w as  s u r p r i s in g ly  s m a l l  (0. 5 dB). S til l ,  
a  v e r y  s m a l l  in t e r s u b je c t  v a r i a b i l i t y  f a c to r  c a u s e d  the  tone  f r e q u e n c y  
m a in  e f fe c t  to b e  s ig n i f ic a n t  a t  the . 01 le v e l  of co n f id en ce .  T he s ign if i­
c a n t  tone  f r e q u e n c y  e f fe c t  w a s  a l s o  found in  o th e r  s tu d ie s  (17, 24, 29, 
35). A b re a k d o w n  of th e s e  d a ta  by  n o is e  l e v e l  and  n o is e  type  ( F ig u r e  
14) r e v e a l e d  th a t  th i s  s ig n i f ic a n t  r e s u l t  o c c u r r e d  l a r g e ly  on the  b a s i s  
of the  ou tco m e  a t  500 Hz w ith  th e  h ig h - l e v e l ,  n a r r o w - b a n d  n o is e .  I t 
w as  though t th a t  th i s  n o is e  w as  the  on ly  one w h ich  e l i c i t e d  an  e f fe c t iv e  
a c o u s t i c  re f le x .
The s ig n if ic a n t  to n e  l e v e l  m a in  e f fe c t  found in  th i s  s tudy  a g re e s  
w ith  the  r e s u l t s  o b ta in e d  by L o eb  and  R io p e l le  (17), P r a t h e r  (24) and  
V ig ra n  (35) but d i f f e r s  f r o m  the  n o n - s ig n i f i c a n t  r e s u l t  found  by S hap ley  
(29). T h e  g r e a t e s t  lo u d n e s s  i n c r e a s e s  w e re  g e n e r a l ly  o b ta in e d  a t  the  
m e d iu m  tone  le v e l s .  S ince  th e s e  l e v e l s  w e r e  s e le c te d  to  a p p ro x im a te  
the  s p e c t r u m  le v e l  of th e  n o is e ,  r e g a r d l e s s  of n o is e  ty p e  and  n o is e
101
le v e l  th i s  o u tc o m e  s u p p o r ts  R o w le y 's  (27) o b s e r v a t io n  th a t  the g r e a t e s t  
lo u d n e s s  i n c r e a s e  can  be e x p e c te d  a t tone le v e l s  w h ich  a p p ro x im a te  the 
n o is e  s p e c t r u m  le v e l .  T h e  s m a l l e s t  lo u d n e s s  i n c r e a s e s  w e r e  found at 
tone  le v e l s  w h ich  w e r e  above the s p e c t r u m  le v e l  of the  n o is e .  T h is  w as  
a lso  n o te d  by R ow ley  and r a n  be s e e n  in  the  r e s u l t s  of o th e r  in v e s t i g a ­
t o r s  (7. 24, 35) a s  w ell .
A lthough  th e r e  w e r e  no s ig n if ic a n t  i n t e r a c t io n s  am ong s t i m u ­
lu s  p a r a m e t e r s ,  a  n u m b e r  of i n t e r e s t i n g  r e l a t i o n s h ip s  b e tw e e n  tone 
le v e l  a n d / o r  tone  f re q u e n c y  and the  c o n t r a l a t e r a l  n o is e  co n d i t io n s  w e r e  
o b s e rv e d .  F o r  e x a m p le ,  i t  w as  n o te d  th a t  a t h igh  n o is e  le v e ls  the  tone 
le v e l s  th a t  a r e  so m e w h a t  be low  the  n o is e  s p e c t r u m  le v e l  m ay  p ro d u c e  
e q u a l  o r  s l ig h t ly  g r e a t e r  lo u d n e s s  s u m m a t io n  e f f e c t s .  R ow ley  a l so  h a s  
n o te d  s i m i l a r  e x c e p t io n s  to  h is  o b s e r v e d  to n e - l e v e l ,  n o i s e - s p e c t r u m -  
le v e l  r e l a t io n s h ip .  I t  w a s  s e e n  a l s o  in  V ig r a n 's  (35) s tu d y  th a t  the  
g r e a t e s t  lo u d n e ss  i n c r e a s e s  w e r e  o b ta in e d  a t tone le v e l s  th a t  w e r e  up 
to  10 dB be lo w  th e  n o is e  s p e c t r u m  le v e l .
T h e r e  w as  v e r y  l i t t l e  i n t e r a c t i o n  n o te d  b e tw e e n  the  500 -H z  
tone  and  tone le v e l  u n d e r  any of the  c o n t r a l a t e r a l  n o is e  co n d i t io n s .  
N o tab ly  a b s e n t  w a s  the  g r e a t e r  lo u d n e s s  i n c r e a s e  show n a t  m e d iu m  tone 
le v e l s  f o r  the  1000- an d  2000-H z to n e s .  T h is  m a y  s u g g e s t  an e n e r g y -  
l im i t in g  e f fe c t  of the  a c o u s t i c  r e f l e x  as  s u g g e s te d  by L o eb  and  R io p e lle  
(17). W hile the  a c o u s t i c  r e f l e x  m a y  be r e s p o n s ib le  fo r  th i s  e f fec t  in  
the  p r e s e n t  s tudy , th e  d a ta  do no t c l e a r ly  s u g g e s t  th i s  o r  any o th e r
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f a c to r  as an ex p lan a tio n  s in ce  the r e s u l t s  a r e  s im i l a r  u n d er  a l l  c o n ­
t r a l a t e r a l  n o ise  cond itions .  The g r e a t e r  lo u d n e ss  i n c r e a s e  a t m e d iu m  
tone  le v e ls  m a y  o ccu r  only w hen the  t e s t  tone is  w ith in  o r  above the 
n o is e  band  o r  i t  m ay  s im p ly  be a b s e n t  at 500-H z.
T T n d e r  the h ig h - le v e l ,  n a r r o w - b a n d  n o ise  cond ition  the c u rv e  
fo r  the  500-H z tone d ro p p e d  s h a rp ly  at the h igh  tone le v e l s ,  showing 
abou t 1. 5 dB s m a l l e r  lo u d n e ss  i n c r e a s e s  than  w e re  shown fo r  e i th e r  
the  1000- o r  2000-H z to n e s .  T h is  in d ic a te s  th a t  u n d e r  th is  cond ition  
t h e r e  w as  e i th e r  l e s s  lo u d n e ss  su m m a tio n  p r e s e n t ,  a g r e a t e r  c o u n t e r ­
ac t in g  fo rc e  (w hich  could  be  a t t r ib u te d ,  at l e a s t  in  p a r t ,  to  the  a c o u s t ic  
re f le x ) ,  o r  a  co m b in a t io n  of th e s e  f a c to r s .
L o u d n e s s  i n c r e a s e s  o b ta in ed  fo r  the 2000-H z tone at d i f f e re n t  
tone  le v e ls  fo llow  a p a t t e r n  s im i l a r  to  th a t  o b ta ined  fo r  the  1000-H z 
tone  w ith  g r e a t e r  lo u d n e ss  i n c r e a s e s  show n a t  m e d iu m  tone le v e ls  and 
s m a l l e r  i n c r e a s e s  shown a t  low and  p a r t i c u l a r ly  at h igh  tone le v e ls .
The g r e a t e s t  i n c r e a s e s  a r e  shown u n d e r  the lo w - le v e l ,  n a r r o w - b a n d  
n o is e  cond ition , a lthough i n c r e a s e s  a s  g r e a t  w e re  o b ta in ed  u n d e r  the 
high- le v e l ,  n a r r o w - b a n d  n o is e  cond ition  a t 1000 and 2000 Hz tone  f r e ­
q u e n c ie s .  G r e a t e r  lo u d n e ss  i n c r e a s e s  w e re  o b ta ined  a t  p r a c t i c a l ly  a l l  
tone  le v e ls  and fo r  a ll  f r e q u e n c ie s  u n d e r  the n a r r o w - b a n d  n o is e  c o n d i ­
t io n s .  H o w ev er ,  the n o is e  type m a in  e f fec t  d id  not r e a c h  s t a t i s t i c a l  
s ig n if ic a n c e .  I t  w as  shown a l s o  th a t  the  lo u d n e ss  i n c r e a s e s  p ro d u c e d  
in  th e  500-H z and  2000-H z tones  u n d e r  the  n a r r o w - b a n d  n o is e  cond ition
1 0 3
a r e  g r e a t e r  than  u n d e r  the  b ro a d  b and  cond ition  even  though the to n e s  
a r e  no t o v e r la p p e d  by the  bandw id th  of the  n a r r o w - b a n d  n o ise .
The n o is e  le v e l  m a in  e f fec t  w as  not s ig n if ic a n t  and th e r e  w as  
e s s e n t i a l ly  no n u m e r i c a l  d i f f e re n c e  b e tw ee n  the  m e a n  lo u d n e ss  i n ­
c r e a s e s  o b ta in ed  a t  low n o is e  le v e ls  and  th o se  o b ta in ed  a t  h igh  n o ise  
l e v e l s .  Of c o u r s e ,  the n o i s e - l e v e l ,  to n e - le v e l  in t e r a c t io n  w ould  no t be 
e x p e c te d  to  be  s ig n if ic a n t  s in c e  the  m e d iu m  tone le v e l s  w e r e  s e le c te d  
to  a p p ro x im a te  the  n o ise  s p e c t r u m  le v e l  r e g a r d l e s s  of n o is e  type o r  
n o is e  lev e l .  The n o n - s ig n i f ic a n c e  of th i s  in t e r a c t io n  adds f u r th e r  s u p ­
p o r t  to  the  g e n e r a l i z a t io n  c o n c e rn in g  the  to n e - le v e l ,  n o i s e - s p e c t r u m -  
le v e l  r e la t io n s h ip .
The p r o c e d u r a l  v a r ia b le  of T W N -T A  w a s  no t s ig n if ic a n t  in  
th i s  s tudy  n o r  w as  th e r e  a  s ig n if ic a n t  in t e r a c t i o n  b e tw ee n  th is  v a r ia b le  
and  to n e  le v e l  a s  w as  found in  Study I. H o w e v e r ,  t h e r e  w a s  a  s ig n i f i ­
ca n t  d i f f e r e n c e  a c c o rd in g  to  w h e th e r  th e  lo u d n e s s  b a la n c e  w as  in i t ia l ly  
a p p ro a c h e d  f r o m  a  le v e l  above o r  f r o m  a  le v e l  be low  the  le v e l  of the  
s t a n d a r d  tone . C o n s is te n t ly  g r e a t e r  lo u d n e ss  i n c r e a s e s  w e re  ob ta in ed  
w hen  the  lo u d n e ss  b a la n c e  w as  in i t ia l ly  a p p ro a c h e d  f r o m  a le v e l  below  
th e  s t a n d a r d  to n e  le v e l .
In c o n c lu s io iv th e  two s tu d ie s  s u m m a r i z e d  in  the  fo reg o in g  
d i s c u s s io n  have  s u p p o r te d  r e s u l t s  of c e r t a in  p r e v io u s  s tu d ie s  in  dem on­
s t r a t i n g  th a t  a  n o is e  p r e s e n te d  to one e a r  i n c r e a s e s ,  u n d e r  c e r t a in  
co n d i t io n s ,  the  lo u d n e ss  of a  p u re  tone p r e s e n t e d  s im u l ta n e o u s ly  to  the
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o th e r  e a r .  The m a g n itu d e  of the lo u d n e ss  i n c r e a s e  h a s  b e e n  show n to 
be r e l a t e d  to (1) the in s t r u c t io n s  g iven  to the s u b je c t  and h is  c o n s e q u e n t  
c r i t e r i o n  fo r  m ak in g  lo u d n e ss  b a la n c e  ju d g m e n ts  (2) the  in te n s i ty  le v e l  
and f r e q u e n c y  c h a r a c t e r i s t i c s  of the s t im u lu s  p a r a m e t e r s ,  and (3) 
a v a r ia b le  in the a i ib ie c ts '  r e sD o n se  n r o c e d u r e .
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T A B L E  2
SUMMARY OF THE ANALYSIS OF VARIANCE FOR STUDY II
INTERACTIONS BETW EEN MAIN E F F E C T S  ONLY
S o u rce
D e g re e s  of 
F  r e e d o m
M ean
S q u are F
N o ise  Type X N o ise  L e v e l 1 0. 17 0. 01
S u b jec t  X N o ise  Type X 
N o ise  L e v e l  ( E r r o r  3) 3 12. 86 3. 96^
N o is e  Type X Tone F r e q u e n c y 2 2. 59 1. 62
S u b je c ts  X N o ise  T ype  X Tone 
F r e q u e n c y  ( E r r o r  5) 6 1. 60 0 .4 9
N o is e  L e v e l  X T one F re q u e n c y 2 6. 51 0. 31
S u b jec t  X N o ise  L e v e l  X Tone 
F r e q u e n c y  ( E r r o r  6) 6 20. 95 6. 40^
N o ise  T ype X Tone L e v e l 2 8. 56 1. 24
S u b je c ts  X N o ise  T ype  X Tone 
L e v e l  ( E r r o r  8) 6 6. 89 2. 12^
N o ise  L e v e l  X Tone L e v e l 2 2. 59 0. 31
S u b je c ts  X N o ise  L e v e l  X T ons 
L e v e l  ( E r r o r  9) 6 8 .4 3 2. 60^
T one  F r e q u e n c y  X T one  L ev e l 4 6. 85 0. 99
S u b je c ts  X T one F r e q u e n c y  X 
Tone L e v e l  ( E r r o r  10) 12 6. 94 2. 14^
N o ise  T ype  X T W N -T A 1 0. 00 0. 01
(C on tin u ed  on n e x t  page)
a ^ .S ig n if ican t  a t  the  . 05 l e v e l  of con fidence .  
^Significant a t  the  . 01 le v e l  of con fidence .
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TABLE 2 (continued)
SUMMARY OF THE ANALYSIS OF VARIANCE FOR STUDY II
INTERACTIONS BETW EEN MAIN E F F E C T S  ONLY
S o u rce
D e g re e s  of 
F  r e e d o m
M ean
S q u a re F
S u b jec ts  X N o ise  T ype X 
T W N -T A  ( E r r o r  12) 3 0. 86 0. 27
N o ise  L ev e l  X T W N -T A 1 0. 01 0. 13
S u b jec ts  X N o ise  L e v e l  X 
T W N -T A  ( E r r o r  13) 3 0. 11 0. 04
T one  F r e q u e n c y  X T W N -T A 2 1. 54 1 .43
S u b je c ts  X T one F r e q u e n c y  X 
T W N -T A  ( E r r o r  14) 6 1. 07 0. 33
Tone L e v e l  X T W N -T A 2 1. 22 3. 35
S u b je c ts  X T one  L e v e l  X 
T W N -T A  ( E r r o r  15) 6 0. 36 0. 11
N o ise  T ype  X D O W N -U P 1 50. 76 3 .4 2
S u b jec ts  X N o is e  T ype  X 
D O W N -U P ( E r r o r  17) 3 14. 85 4. 58^
N o ise  L e v e l  X D O W N -U P 1 22. 56 3. 61
S u b je c ts  X N o is e  L e v e l  X 
D O W N -U P ( E r r o r  18) 3 6. 24 1. 93
T one  F r e q u e n c y  X D O W N -U P 2 1. 34 0. 70
S u b jec ts  X T one  F r e q u e n c y  X 
D O W N -U P ( E r r o r  19) 6 1 .9 2 0. 59
T one L e v e l  X D O W N -U P
(C on tinued  on n e x t  page)
2 1 1 .87 2. 17
^ S ig n if ic an t  a t the . 05 le v e l  of co n f id en ce .  
^^Significant a t  the . 01 le v e l  of con fidence .
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TABLE 2 (continued)
SUMMARY OF THE ANALYSIS OF VARIANCE FOR STUDY II
INTERACTIONS BETWEEN MAIN E F F E C T S  ONLY
S o u rce
D e g re e s  of 
F r e e d o m
M ean
S quare F
S u b je c ts  X Tone L e v e l  X 
D O W N -U P ( E r r o r  20) 6 5 .4 8 1. 69
T W N -T A  X D O W N -U P 1 4. 69 8. 84
S u b je c ts  X T W N -T A  X 
D O W N -U P ( E r r o r  21) 3 0. 53 0. 16
W ith in  C ell 436 3. 24
